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(54) PROJECTING EXPOSURE METHOD 

(57)Abstract: 

PURPOSE: To accurately make a reticle coordinate 
system correspond to a wafer coordinate system by 
reducing influence of a lithographic error of a reticle 
when it is exposed by a slit scanning system. 
CONSTITUTION: Two rows of alignment mark images 
29AW-29DW and 30AW-30DW are projected on a 
projected image 12W of a reticle in a scanning 
direction, and two rows of reference marks 35A-35D 
and 36A-36D are formed as well on a reference mark 
plate 6 of the wafer stage side in the scanning 
direction. The reticle and the plate 6 are moved in 
the scanning direction, an error of the images 29AW, 
30AW and the marks 35A, 36A is obtained by a 
reticle alignment microscope, an error of the other 
image and the reference mark is similarly obtained, 
these errors are corrected by a measuring error of a 
coordinate measuring system, thereby obtaining a 
conversion parameter between a reticle coordinate 
system and a wafer coordinate system. 
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I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2;**** shows the word which can not be translated. 
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[Claim(s)] 

[Claim 1]Illuminate an illuminated field of specified shape by illumination light, and a pattern 
image on a mask in an illuminated field of said specified shape is exposed to a substrate on a 
stage via a projection optical system, By scanning said mask and said substrate 
synchronously relatively to an illuminated field of said specified shape, In a method of 
exposing a pattern image of an area larger than an illuminated field of said specified shape on 
said mask on said substrate, Two or more marks for Measurement Division are formed 
towards said relative scan on said mask, A reference mark member by which two or more 
reference marks were formed in a mark for Measurement Division of this plurality and an 
almost conjugate position is arranged on said stage, Said mask and said substrate are moved 
synchronizing with the direction of said relative scan, The amount of position gaps of one 
mark for Measurement Division in two or more marks for Measurement Division on said mask 
and a corresponding reference mark on said stage is measured one by one, A projection 
exposure method characterized by asking for correspondence relation between a coordinate 
system on said mask, and a coordinate system on said stage from each amount of position 
gaps of a mark for Measurement Division of said plurality, and two or more of said reference 
marks. 

[Claim 2]Illuminate an illuminated field of specified shape by illumination light, and a pattern 
image on a mask in an illuminated field of said specified shape is exposed to a substrate on a 
stage via a projection optical system, By scanning said mask and said substrate 
synchronously relatively to an illuminated field of said specified shape, In a method of 
exposing a pattern image of an area larger than an illuminated field of said specified shape on 
said mask on said substrate, An alignment system of an off-axis method for detecting a 
position of a mark for positioning on said substrate near said projection optical system is 
arranged, Two or more marks for Measurement Division are formed towards said relative 
scan on said mask, A reference mark member in which the 1st and 2nd reference marks were 
formed at an interval corresponding to an interval of a reference point in an exposure field of 
said projection optical system and a reference point of an alignment system of said off-axis 
method is arranged on said stage, Where said 2nd reference mark on said reference member 
is observed by an alignment system of said off^axis method, Move said mask towards said 
relative scan, and the amount of position gaps of one mark for Measurement Division in two 
or more marks for Measurement Division on said mask and said 1st reference mark on said 
stage is measured one by one, From the amount of position gaps of said 2nd reference mark 
observed by average value of each amount of position gaps of a mark for Measurement 
Division of said plurality, and said 1st reference mark, and an alignment system of said off- 
axis method. A projection exposure method searching for an interval of a reference point in 
an exposure field of said projection optical system, and a reference point of an alignment 
system of said off-axis method. 

[Claim 3]On said reference mark member, make it correspond to two or more marks for 
Measurement Division on said mask, and form two or more said 1 st reference mark, and. Two 
or more said 2nd reference mark is formed from the 1st reference mark of this plurality at an 
interval corresponding to an interval of a reference point in an exposure field of said 
projection optical system, and a reference point of an alignment system of said off-axis 
method, respectively, Said mask and said stage are moved synchronizing with the direction of 
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said relative scan, Measure the amount of position gaps of one mark for Measurement 
Division in two or more marks for Measurement Division on said mask, and said 1st 
corresponding reference mark on said stage one by one, and. A reference mark to which it 
corresponds of said two or more 2nd reference marks by an alignment system of said off- 
axis method is observed, From average value of the amount of position gaps of two or more 
of said 2nd reference marks observed by average value of each amount of position gaps of a 
mark for Measurement Division of said plurality, and two or more of said 1st reference marks, 
and an alignment system of said off-axis method. The projection exposure method according 
to claim 2 searching for an interval of a reference point in an exposure field of said projection 
optical system, and a reference point of an alignment system of said off-axis method. 
[Claim 4]Illuminate an illuminated field of specified shape by illumination light, and a pattern 
image on a mask in an illuminated field of said specified shape is exposed to a substrate on a 
stage via a projection optical system, By scanning said mask and said substrate 
synchronously relatively to an illuminated field of said specified shape. In a method of 
exposing a pattern image of an area larger than an illuminated field of said specified shape on 
said mask on said substrate, Two or more marks for Measurement Division are formed 
towards said relative scan on said mask, A reference mark member by which two or more 
reference marks were formed in a mark for Measurement Division of this plurality and an 
almost corrugate position is arranged on said stage, Said mask and said substrate are moved 
synchronizing with the direction of said relative scan, The amount of position gaps of one 
mark for Measurement Division in two or more marks for Measurement Division on said mask 
and a corresponding reference mark on said stage is measured one by one, The 1st process 
of calculating each amount of position gaps of said mark for Measurement Division, and said 
reference mark; The amount of position gaps of one mark for Measurement Division 
predetermined [ of two or more marks for Measurement Division on said mask ] and a 
corresponding reference mark on said stage is measured only once, The 2nd process of 
calculating the amount of position gaps of said mark for Measurement Division, and said 
reference mark; One of said 1st process and said 2nd process is chosen. A projection 
exposure method having the 3rd process of asking for correspondence relation between a 
coordinate system on said mask, and a coordinate system on said stage based on each 
amount of position gaps of said mark for Measurement Division called for at a selected 
process, and said reference mark, and;. 

[Claim 5]Illuminate an illuminated field of specified shape by illumination light, and a pattern 
image on a mask in an illuminated field of said specified shape is exposed to a substrate on a 
stage via a projection optical system, By scanning said mask and said substrate 
synchronously relatively to an illuminated field of said specified shape, In a method of 
exposing a pattern image of an area larger than an illuminated field of said specified shape on 
said mask on said substrate, An alignment system of an off-axis method for detecting a 
position of a mark for positioning on said substrate near said projection optical system is 
arranged, Two or more marks for Measurement Division are formed towards said relative 
scan on said mask, A reference mark member by which two or more reference marks were 
formed in a mark for Measurement Division of this plurality and an almost conjugate position 
is arranged on said stage, A reference mark of this plurality consists of the 1st and 2nd 
reference marks arranged at an interval corresponding to an interval of a reference point of 
said projection optical system, and a reference point of an alignment system of said off-axis 
method, Where said 2nd reference mark on said reference mark member is observed by an 
alignment system of said off-axis method, said mask is moved towards said relative scan, 
The 1st process of measuring the amount of position gaps of one mark for Measurement 
Division in two or more marks for Measurement Division on said mask, and said 1st reference 
mark one by one; where said 2nd reference mark on said reference mark member is observed 
by an alignment system of said off-axis method, The 2nd process of measuring the amount 
of position gaps of one mark for Measurement Division predetermined [ of two or more marks 
for Measurement Division on said mask ], and said 1st reference mark;. It is a measuring 
result in the 3rd process of choosing one of said 1st process and said 2nd process, and a 
process selected, at the; this 3rd process. From each amount of position gaps of said mark 
for Measurement Division, and said reference mark, and the amount of position gaps of said 
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2nd reference mark observed by an alignment system of said off^axis method. A projection 
exposure method having the 4th process of searching for an interval of correspondence 
relation between a coordinate system on said mask, and a coordinate system on said stage, 
and a reference point in an exposure field of said projection optical system and a reference 
point of an alignment system of said off^axis method, and;. 

[Claim 6]Iliuminate an illuminated field of specified shape by illumination light, and a pattern 
image on a mask in an illuminated field of said specified shape is exposed to a substrate on a 
stage via a projection optical system, By scanning said mask and said substrate 
synchronously relatively to an illuminated field of said specified shape, In a method of 
exposing a pattern image of an area larger than an illuminated field of said specified shape on 
said mask on said substrate, An alignment system of an off^axis method for detecting a 
position of a mark for positioning on said substrate near said projection optical system is 
arranged, Two or more marks for Measurement Division are formed towards said relative 
scan on said mask, A reference mark member by which two or more reference marks were 
formed in a mark for Measurement Division of this plurality and an almost conjugate position 
is arranged on said stage, A reference mark of this plurality consists of the 1st and 2nd 
reference marks formed at an interval corresponding to an interval of a reference point of 
said projection optical system, and a reference point of an alignment system of said off^axis 
method, Whenever it carries out specified number exchange of said substrate, where said 2nd 
reference mark on said reference mark member is observed by an alignment system of said 
off-axis method, The amount of position gaps of one mark for Measurement Division 
predetermined [ of two or more marks for Measurement Division on said mask ] and said 1st 
corresponding reference mark is measured, From the measured this amount of position gaps, 
and the amount of position gaps of said 2nd reference mark observed by an alignment 
system of said off-axis method, correspondence relation between a coordinate system on 
said mask, and a coordinate system on said stage, A projection exposure method searching 
for an interval of a reference point in an exposure field of said projection optical system, and 
a reference point of an alignment system of said off-axis method. 
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[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention is applied, for example to the projection aligner of a slit 

scan exposure system, and relates to a suitable projection exposure method. 

[0002] 

[Description of the Prior Art]When manufacturing a semiconductor device, a liquid crystal 
display element, or a thin film magnetic head by a photolithography process, the projection 
aligner which transfers a photo mask or the pattern of reticle (it is hereafter named "reticle" 
genericaliy) on the substrates (a wafer, a glass plate, etc.) with which it was applied to 
sensitization material is used. As a conventional projection aligner, each shot region of the 
wafer was moved into the exposure field of a projection optical system one by one, and many 
reduction projection type exposure devices (stepper) of the step-and-repeat method of 
exposing the pattern image of reticle one by one to each shot region were used. 
[0003] Drawing 18 shows the conventional stepper's important section, the wafer 5 is laid on 
the wafer stage 4 in this drawing 18 . and the reference mark board 57 is being fixed on the 
wafer stage 4 near this wafer 5. And projection exposure of the image of the pattern on the 
reticle 12 is carried out to each shot region on the wafer 5 via the projection optical system 
8 under the exposing light from the illumination-light study system by which figures omitted 
abbreviated was carried out. Under the present circumstances, since the wafer stage 4 is 
driven along with a wafer-coordinates system, it is necessary to measure the angle of 
rotation over the position on the wafer-coordinates system of the reticle 12, and the wafer- 
coordinates system of the reticle 12. Therefore, they are formed by the two alignment marks 
(reticle mark) 60R and 61 R so that it may counter near the pattern space of the reticle 12, 
and on the reference mark board 57, The two reference marks 60F and 61 F are formed at 
the interval equal to the design interval on the wafer 5 of these reticle marks 60R and 61 R. 
[0004]On the reticle marks 60R and 61 R of the reticle 12, the reticle alignment microscopes 
58 and 59 are arranged, respectively. The illumination light source from which the reticle 
alignment microscopes 58 and 59 eject the alignment light of the same wavelength as 
exposing light, respectively, It has the sensor which can observe simultaneously the reticle 
mark on the reticle 12, the alignment mark (wafer mark) on the wafer 5, or the reference 
mark on the reference mark board 57. When performing exposure to the wafer 5 by the 
stepper of drawing 1 8 , the image of the pattern on the reticle 12 is exposed by each shot 
region of the wafer 5, respectively by moving by a step-and-repeat method one by one only 
in the wafer stage 4. 

[0005]In exposing the pattern image of the reticle 12 further in this stepper on the circuit 
pattern on the wafer 5 formed by the previous process, There is the necessity of taking 
correspondence with the wafer-coordinates system which specifies the coordinates of each 
shot region on the wafer 5, and the Reticulum mark system which specifies the coordinates 
of the pattern on the reticle 12 (that is, it aligns). In the case of the stepper, the one-shot 
area size on the exposure field of the projection optical system 8 and the wafer 5 was equal, 
and since it was not necessary to drive the reticle 12 when exposing, correspondence of a 
wafer-coordinates system and a Reticulum mark system had been taken as follows. 
[0006]Namely, after driving the wafer stage 4 and moving the reference mark board 57 into 
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the exposure field of the projection optical system 8, One reticle alignment microscope 58 
detects the amount of position gaps of the reticle mark 60R and the reference mark 6QF, 
With the reticle alignment microscope 59 of another side, the amount of position gaps of the 
reticle mark 61 R and the reference mark 61 F was detected, and the position of the pattern 
of the reticle 12 on a wafer^coordinates system was calculated from the amount of these 
position gaps. The angle of rotation of the reticle 12 on a wafer-coordinates system was 
measured by moving the reference mark 60F to the position of the reference mark 61 F f and 
detecting the amount of position gaps of the reticle mark 61 R and the reference mark 60F 
with the reticle alignment microscope 59. And matching with a wafer-coordinates system and 
a Reticulum mark system was eventually performed by rotating the reticle 12 or the wafer 
stage 4, and amending the angle of rotation. 

[0007]In drawing 18 t in order to detect the position of each alignment mark (wafer mark) 
formed corresponding to each shot region on the wafer 5, the alignment microscope 34 of 
the off-axis method is formed in the lateral portion of the projection optical system 8. In this 
case, based on the position of the wafer mark detected with this alignment microscope 34, 
the shot region on the corresponding wafer 5 is set up in the exposure field of the projection 
opticai system 8. Therefore, it is necessary to calculate what is called the amount of 
baselines that is an interval of the reference point (for example, exposure center) in the 
exposure field of the projection optical system 8, and the reference point 62 of the 
observation area of the alignment microscope 34 of an off^axis method beforehand. 
[0008]ln the conventional stepper, when measuring such an amount of baselines, After 
measuring the amount of position gaps with the conjugate image of the reticle marks 60R and 
61 R and the reference marks 60F and 61 F, For example, only a quantity equal to the 
designed value of the amount of baselines moved the wafer stage 4, and was measuring the 
amount of position gaps with the reference mark to which it corresponds on the reference 
point 62 and reference mark board 57 with the alignment microscope 34The amount of 
baselines was calculated from those amounts of position gaps. 
[0009] 

[Problem(s) to be Solved by the Invention]In recent years, since the pattern is carrying out 
minuteness making in the semiconductor device etc., heightening the resolution of a 
projection optical system is called for. Although techniques, such as increase of the short 
wavelength formation of the wavelength of exposing light or the numerical aperture of a 
projection optical system, are one of the techniques for heightening resolution, If it is going 
to secure the exposure field of the same grade as a conventional example even when using 
which technique, it will become difficult to maintain image formation performances (distortion, 
a curvature of field, etc.) for predetermined accuracy all over an exposure field. Then, the 
so-called projection aligner of a slit scan exposure system is improved now. 
[0010]In the projection aligner of this slit scan exposure system, the pattern of that reticle is 
exposed on a wafer, synchronizing relatively and scanning reticle and a wafer to rectangular 
shape or the illuminated field (henceforth "a slit shape illuminated field") of circular **. 
Therefore, if the pattern of the same area as a stepper method is exposed on a wafer, in a 
slit scan exposure system, compared with a stepper method, the exposure field of a 
projection optical system can be made small, and the accuracy of the image formation 
performance in an exposure field may improve. 

[0011]Although the mainstream of the size of the conventional reticle was 6 inch sizes and 
the mainstream of the projecting magnification of a projection optical system was 1/5 time, 
the size of the reticle in a basis 1/5 time the magnification of this has stopped 6 inch sizes 
being of use by large area-ization of circuit patterns, such as a semiconductor device. 
Therefore, it is necessary to design the projection aligner which changed the projecting 
magnification of the projection optical system 1/4 time. And also in order to respond to large 
area-ization of such a transferred pattern, a slit scan exposure system is advantageous. 
[0012]If the technique of matching with the Reticulum mark system and wafer^coordinates 
system which were used by the conventional stepper is applied in the projection aligner of 
this slit scan exposure system, Since projecting magnification increased 1/4 time, there is 
inconvenience that alignment accuracy deteriorates according to the drawing error of the 
circuit pattern on reticle. In Tokuganhei3-1 69781, the art which resembles measuring 
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simultaneously the amount of position gaps of two or more marks for Measurement Division, 
and measures the angle of rotation of reticle more is proposed, without moving a wafer stage 
in a stepper. However, the concept of Measurement Division of the angle of rotation by 
simultaneous Measurement Division of two or more of these marks for Measurement Division, 
It could not use for the scanning direction of the projection aligner of a slit scan exposure 
system, but there was inconvenience that the angle of rotation of a Reticulum mark system 
and a wafer-coordinates system and coordinates perpendicularity of these coordinate 
systems could not measure with sufficient accuracy. 

[0013]About the instrumentation method of the amount of baselines which is an interval of 
the reference position in the exposure field of a projection optical system, and the reference 
position of the alignment system of an off-axis method, If the instrumentation method using 
one mark (two pieces) on the reticle in the conventional stepper was applied to the 
projection . aligner of the slit scan exposure system as it was, there is inconvenience of being 
greatly influenced by the drawing error of reticle. 

[0014]In [ in view of this point ] the projection aligner of a slit scan exposure system in this 
invention, The influence of the drawing error of the pattern on reticle (mask) is reduced, and 
it aims at providing the projection exposure method which can perform correctly matching 
with a Reticulum mark system (mask coordinate system) and a wafer-coordinates system 
(substrate coordinate system). As for the exact halfbeak of the matching, depending on a 
process, quick nature may be thought as important about this. Then, an object of this 
invention is to provide the projection exposure method which performs matching with a 
Reticulum mark system (mask coordinate system) and a wafer-coordinates system 
(substrate coordinate system) by a high throughput. 

[0015]In the projection aligner of a slit scan exposure system this invention, The influence of 
the drawing error of the pattern on reticle (mask) is reduced, and it aims also at providing the 
projection exposure method which can measure the amount of baselines which is an interval 
of the reference point of the exposure field of a projection optical system, and the reference 
point of the alignment system of an off-axis method with high precision. 
[0016]Also as for an exact halfbeak, whenever it exchanges the wafer of a specified number, 
for example, when performing base line measurement, quick nature may be thought as 
important and it is desirable to perform matching with a Reticulum mark system (mask 
coordinate system) and a wafer-coordinates system (substrate coordinate system) 
simultaneously. Then, an object of this invention is to provide matching with a Reticulum 
mark system (mask coordinate system) and a wafer-coordinates system (substrate 
coordinate system), and the projection exposure method which performs the base line 
measurement by a high throughput, when measuring the amount of baselines for every 
predetermined wafer turnover rate. 
[0017] 

[Means for Solving the Problem]The 1st projection exposure method by this invention 
illuminates an illuminated field of specified shape by illumination light, A pattern image on a 
mask (12) in an illuminated field of said specified shape is exposed to a substrate (5) on a 
stage (4) via a projection optical system (8), By scanning a mask (12) and a substrate (5) 
synchronously relatively to an illuminated field of the specified shape, In a method of 
exposing a pattern image of an area larger than an illuminated field of the specified shape on 
a mask (12) on a substrate (5), Two or more marks for Measurement Division (29A-29D) are 
formed towards the relative scan on a mask (12), A reference mark member (6) by which two 
or more reference marks (35A-35D) were formed in a mark for Measurement Division of 
these plurality and an almost conjugate position is arranged on a stage (4), A mask (12) and a 
substrate (5) are moved synchronizing with the direction of the relative scan, The amount of 
position gaps with a corresponding reference mark (35A, 35B, ....) on one mark for 

Measurement Division in a mark (29A, 29B ) and stage (4) for Measurement Division of 

plurality on a mask (12) is measured one by one, From each amount of position gaps of a 
mark for Measurement Division of these plurality, and a reference mark of these plurality. It 
asks for correspondence relation between a coordinate system on a mask (12), and a 
coordinate system on a stage (4). 

[0018]In the premise part as an above-mentioned invention with the 2nd same projection 
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exposure method by this invention, An alignment system (34) of an off-axis method for 
detecting a position of a mark for positioning on a substrate (5) near the projection optical 
system (8) is arranged, Two or more marks for Measurement Division (29A-29D) are formed 
towards the relative scan on a mask (12), The 1st reference mark (35A) and 2nd reference 
mark (37A) arrange a formed reference mark member (6) on a stage (4) at an interval 
corresponding to an interval of a reference point in an exposure field of a projection optical 
system (8), and a reference point of an alignment system (34) of an off-axis method. 
[0019]And where the 2nd reference mark (37A) on a reference member (6) is observed by an 
alignment system (34) of an off-axis method, Move a mask (12) towards said relative scan, 
and the amount of position gaps with the 1st reference mark (35A) on one mark for 
Measurement Division in a mark (29A, 29B, ....) and stage (4) for Measurement Division of 
plurality on a mask (12) is measured one by one, From the amount of position gaps of the 
2nd reference mark observed by average value of each amount of position gaps of a mark for 
Measurement Division of these plurality, and these 1st reference marks, and an alignment 
system (34) of an off-axis method. An interval of a reference point in an exposure field of a 
projection optical system (8) and a reference point of an alignment system (34) of an off-axis 
method is searched for. 

[0020]In the 2nd projection exposure method the 3rd projection exposure method of this 
invention, Make two or more marks for Measurement Division (29A-29D) on a mask (12) 
correspond on a reference mark member (6), and form two or more (35A-35D) the 1st 
reference mark, and. Two or more (37A-37D) the 2nd reference mark is formed [ from the 
1st reference mark (35A-35D) of these plurality ] at an interval corresponding to an interval 
of a reference point in an exposure field of a projection optical system (8), and a reference 
point of an alignment system (34) of an off^axis method, respectively, A mask (12) and a 
stage (4) are moved synchronizing with the direction of the relative scan, Measure the 
amount of position gaps with the 1st corresponding reference mark (35A, 35B, ....) on one 

mark for Measurement Division in a mark (29A, 29B ) and stage (4) for Measurement 

Division of plurality on a mask (12) one by one, and. A reference mark (37A, 37B, ....) to which 
it corresponds of two or more 2nd reference marks by an alignment system (34) of an off- 
axis method is observed, From average value of the amount of position gaps of the 2nd 
reference mark of these plurality observed by average value of each amount of position gaps 
of a mark for Measurement Division of these plurality, and the 1st reference mark of these 
plurality, and an alignment system (34) of an off^axis method. An interval of a reference point 
in an exposure field of a projection optical system (8) and a reference point of an alignment 
system (34) of an off^axis method is searched for. 

[0021]Next f in the premise part as an above-mentioned invention with the 4th same 
projection exposure method of this invention, Like the 1st above-mentioned projection 
exposure method, A mask. (12) Two or more upper marks for Measurement Division. (29A, 
29B, — ), and a corresponding reference mark. The 1st process of calculating each amount of 
position gaps with (35A, 35B, — ); The amount of position gaps of one mark for Measurement 
Division predetermined [ of two or more marks for Measurement Division on the mask ] (29A) 
and a corresponding reference mark (35A) on the stage is measured only once, The 2nd 
process of calculating the amount of position gaps of a mark for Measurement Division (29A), 
and a reference mark (35A) in simple; One of the 1st process and its 2nd process is chosen, 
It has the 3rd process and; which ask for correspondence relation between a coordinate 
system on a mask (12), and a coordinate system on a stage (4) based on each amount of 
position gaps of a mark for [ with which it asked at this selected process ] that Measurement 
Division, and its reference mark. 

[0022]In the premise part as an above-mentioned invention with the 5th same projection 
exposure method of this invention, Like the 2nd above-mentioned projection exposure 
method, where the 2nd reference mark (37A, 37B, — ) on a reference mark member (6) is 
observed by an alignment system of an off-axis method, A mask (12) is moved towards the 
relative scan, A mask. (1 2) Two or more upper marks for Measurement Division. Where the 
2nd reference mark (37A) on a reference mark member (6) is observed by an alignment 
system of the 1 st process of measuring the amount of position gaps of one mark for 
Measurement Division in (29A, 29B, — ), and the 1st reference mark (35A, 35B, — ) one by 
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one, and; off-axis method, A mask. The 2nd process of measuring the amount of position 
gaps of one mark for Measurement Division predetermined [ of two or more upper marks for 
Measurement Division ] (29A), and the 1st reference mark (35A) in simple; (12) The 3rd 
process and; which choose one of these 1st processes and the 2nd process. From the 
amount of position gaps of that mark for Measurement Division that is a measuring result in a 
process selected at this 3rd process, and its reference mark, and the amount of position 
gaps of the 2nd reference mark observed by an alignment system of that off-axis method, 
correspondence relation between a coordinate system on that mask, and a coordinate 
system on that stage, It has the 4th process and; which search for an interval (the amount of 
baselines) of a reference point in an exposure field of the projection optical system, and a 
reference point of an alignment system of the off-axis method. 

[0023]In the premise part as an above-mentioned invention with the 6th same projection 
exposure method of this invention, An alignment system (34) of an off-axis method for 
detecting a position of a mark for positioning on a substrate (5) near the projection optical 
system (8) is arranged, Two or more marks for Measurement Division (29A, 29B, — ) are 
formed towards the relative scan on a mask (12), A reference mark member (6) by which two 
or more reference marks were formed in a mark for Measurement Division of these plurality 
and an almost conjugate position is arranged on a stage (4), Whenever a reference mark of 
these plurality consists of the 1st (A [ 35 ] f B [ 35 ], — ) and 2nd (A [ 37 ],B [ 37 ], — ) 
reference marks formed at an interval corresponding to an interval of a reference point of 
the projection optical system, and a reference point of an alignment system of the off-axis 
method and it carries out specified number exchange of the substrate (5), Where the 2nd 
reference mark (37A) on a reference mark member (6) is observed by an alignment system of 
the off-axis method, The amount of position gaps which measured the amount of position 
gaps of one mark for Measurement Division (29A) predetermined [ of two or more marks for 
Measurement Division on a mask (12) ], and the 1st corresponding reference mark (35A), and 
was measured in this way, From the amount of position gaps of the 2nd reference mark (37A) 
observed by an alignment system of the off-axis method, and correspondence relation 
between a coordinate system on the mask, and a coordinate system on the stage, An interval 
(the amount of baselines) of a reference point in an exposure field of the projection optical 
system and a reference point of an alignment system of the off-axis method is searched for. 
[0024] 

[Functionjln the 1st projection exposure method of this this invention, A position gap of each 
mark is measured arranging two or more marks for Measurement Division, arranging those 
marks for Measurement Division, and an almost conjugate reference mark on a reference 
mark member (6), and sending a mask (12) and a stage (4) by a stepping method on a mask 
(12). And, for example according to the called-for position gap, eventually in each position by 
the least squares approximation etc. By asking for the parameter (offset of magnification, 
scaling of a scanning direction, rotation, the parallelism of a scanning direction, the direction 
of X, and the direction of Y) which matches a mask coordinate system and a substrate 
coordinate system, the influence of the drawing error of the mark for Measurement Division 
on a mask (12) can be suppressed small. Since mark Measurement Division of the direction 
of a relative scan is performed independently one by one, it becomes un-simultaneous 
Measurement Division, but since it measures at two or more places, there is the equalization 
effect and high precision Measurement Division is attained. 

[0025]By equalizing the measuring result about two or more marks for Measurement Division 
by the side of a mask (12) according to the 2nd projection exposure method, Influence of the 
drawing error of the mark for Measurement Division of a mask (12) is made small, and the 
amount of baselines which is an interval of the reference point of a projection optical system 
(8) and the reference point of an alignment system (34) can be measured correctly. 
According to the 3rd projection exposure method, make two or more marks for Measurement 
Division (29A-29D) on a mask (12) correspond on a reference mark member (6), and form 
two or more (35A-35D) the 1st reference mark, and. Since two or more (37A-37D) the 2nd 
reference mark is formed [ from the 1st reference mark (35A-35D) of these plurality ] at the 
interval corresponding to the interval of the reference point in the exposure field of a 
projection optical system (8), and the reference point of the alignment system (34) of an off- 
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axis method, respectively, Since equalization is performed also the reference mark side, the 
amount of baselines is measured more correctly. 

[0Q26]Next, when a high throughput is required according to the 4th projection exposure 
method of this invention. When the 2nd process is chosen, the amount of position gaps of 
the mark for Measurement Division (29A) and a reference mark (35A) is measured only once 
and high degree of accuracy is required, the demand to quick nature can also be filled by 
performing the 1st process. In this case, by amending that mark error, when it memorizes in 
quest of the amount of position gaps (this is called a "mark error") from the original position 
of the mark for Measurement Division (29A) further beforehand and the 2nd process is 
performed in the 1st process, Both demands with a high throughput and high degree of 
accuracy can be met. 

[0027]Similarly, when a high throughput is required according to the 5th projection exposure 
method, Where it chose the 2nd process and the 2nd reference mark (37A) is observed by an 
alignment system (34), When the amount of position gaps of one mark for Measurement 
Division (29A) and the 1 st reference mark (35A) is measured only once and high degree of 
accuracy is required, the demand to quick nature can also be filled by performing the 1st 
process. In this case, in the 1st process, when it memorizes in quest of the mark error 
further beforehand and the 2nd process is performed, both demands with a high throughput 
and high degree of accuracy can be met by amending that mark error. 

[0028]Whenever it carries out specified number exchange of the substrate (5) according to 
the 6th projection exposure method (i.e., whenever it exposed to the substrate (5) of the 
specified number), where the 2nd reference mark (37A) is observed by the alignment system 
(34) of an off^axis method, The amount of position gaps of one mark for Measurement 
Division (29A) and the 1st reference mark (35A) is measured only once, and the 
correspondence relations and the amount of baselines of the coordinate system on a mask 
and the coordinate system on a stage are calculated from this measuring result. Therefore, 
Measurement Division is performed by a high throughput. 
[0029] 

[ExampiejHereafter, with reference to Drawings, it explains per 1st working example of the 
projection exposure method by this invention. This example applies this invention, when 
exposing the pattern of reticle on a wafer with the projection aligner of a slit scan exposure 
system. The illuminated field of the rectangle by exposing light EL from the illumination-light 
study system by which drawing 1 showed the projection aligner of this example, and figures 
omitted abbreviated was carried out in this drawing 1 . The pattern on the reticle 12 is 
illuminated by (it is hereafter called "a slit shape illuminated field"), and projection exposure 
of the image of the pattern is carried out on the wafer 5 via the projection optical system 8. 
In this case, synchronizing with the reticle 12 being scanned with the constant speed V 
forward to the space of drawing 1 t o the slit shape illuminated field of exposing light EL, the 
wafer 5 is scanned backward to the space of drawing 1 by constant speed V/M (1/M is the 
reducing magnification of the projection optical system 8). 

[0030]The reticle Y drive stage 10 which can be freely driven on the reticle buck 9 in Y shaft 
orientations (direction vertical to the space of drawing 1 ) is laid for explaining the drive 
system of the reticle 12 and the wafer 5, The reticle minute drive stage 11 is laid on this 
reticle Y drive stage 10, and the reticle 12 is held by the vacuum chuck etc. on the reticle 
minute drive stage 1 1. As for the reticle minute drive stage 1 1, only a fine amount performs 
position control of the reticle 12 to the direction parallel to space of X, the direction of Y, 
and hand of cut (the direction of theta) of drawing 1 with high precision in a field vertical to 
the optic axis of the projection optical system 8, respectively. The position of the direction 
of X of the reticle minute drive stage 11, the direction of Y, and the direction of theta is 
always monitored by the interferometer 14 which the moving mirror 21 has been arranged on 
the reticle minute drive stage 1 1, and has been arranged on the reticle buck 9. The position 
information S1 acquired by the interferometer 14 is supplied to the main control system 22A. 

[0031]On the other hand on the wafer buck 1, the wafer Y-axis drive stage 2 which can be 
freely driven to Y shaft orientations is laid, The wafer X-axis drive stage 3 which can be 
freely driven to an X axial direction on it is laid, Ztheta axis drive stage 4 is formed on it, and 
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the wafer 5 is held by vacuum absorption on this Ztheta axis drive stage 4. The moving 
mirror 7 is fixed also on Ztheta axis drive stage 4, the position of the direction of X of Ztheta 
axis drive stage 4, the direction of Y, and the direction of theta is monitored by the 
interferometer 13 arranged outside, and the position information acquired by the 
interferometer 13 is also supplied to the main control system 22A. The main control system 
22A controls the positioning operation of the wafer Y-axis drive stage 2, the wafer X-axis 
drive stage 3, and Ztheta axis drive stage 4 via the wafer drive 22B etc., and it controls 
operation of the whole device. 

[0032]Although mentioned later, In order to take correspondence of the wafer-coordinates 
system specified by the coordinates measured by the interferometer 13 by the side of a 
wafer, and a Reticulum mark system specified by the coordinates measured by the 
interferometer 14 by the side of reticle, the reference mark board 6 is being fixed near the 
wafer 5 on Ztheta axis drive stage 4. On this reference mark board 6, various reference 
marks are formed like the after-mentioned. The reference mark currently illuminated from 
the back side by the illumination light led to the Ztheta axis drive stage 4 side, i.e., a 
luminescent reference mark, is in these reference marks. 

[0033]The reticle alignment microscopes 19 and 20 for observing simultaneously the 
reference mark on the reference mark board 6 and the mark on the reticle 12 are equipped 
above the reticle 12 of this example. In this case, when the deflection mirrors 15 and 16 for 
leading the detection light from the reticle 12 to the reticle alignment microscopes 19 and 20, 
respectively are arranged enabling free movement and an exposure sequence is started, 
under the instructions from the main control system 22A, The deflection mirrors 15 and 16 
are evacuated by the mirror driving devices 17 and 18, respectively. The alignment apparatus 
34 of the off-axis method for observing the alignment mark (wafer mark) on the wafer 5 to 
the lateral portion of the direction of Y of the projection optical system 8 is arranged. 
[0034]The keyboard 22C for inputting the command from an operator is connected to the 
main control system 22A. There is quick mode for measuring in simple the amount of 
baselines other than the mode which measures with high precision, etc. like the after- 
mentioned in the projection aligner of this example, The mode in which an operator is 
performed to the main control system 22A via the keyboard 22C after this directs the high 
precision mode or quick mode. 

[0035]Next, in the projection aligner of this example, it explains with reference to the flow 
chart of drawing 2 per sequence after loading the wafer 5 and the reticle 1 2 until it ends 
alignment In Step 101 of drawing 2 , PURIARAIMENTO of the reticle 12 is first performed on 
an outside standard on a reticle loader (after-mentioned). Drawing 3 is shown and the reticle 
loader system for conveying the reticle 12 on the reticle minute drive stage 1 1 of drawing 1 
the reticle loader of this drawing 3 , It comprises the two reticle arms 23A and 23B, the arm 
axis of rotation 25 connected with these reticle arms 23A and 23B, and the rolling 
mechanism 26 which rotates this arm axis of rotation 25. The slots 24A and 24B for vacuum 
absorption are formed in the reticle mounting surface of the reticle arms 23A and 23B, 
respectively, and the reticle arms 23A and 23B are supported so that it can rotate 
independently via the arm axis of rotation 25, respectively. 

[0036]At the time of loading of the reticle 12, the reticle 12 is received and passed on the 
reticle arm 23A from other reticle conveyer styles (un-il lust rating) by position A3. In this 
case, the reticle arm 23B of another side is used for taking out of the reticle used, for 
example by the previous process. Next, after the reticle 12 is aligned by fixed accuracy on an 
outside standard on the reticle arm 23A, vacuum absorption of the reticle 12 is carried out 
on the reticle arm 23A by the reticle outside Puri alignment mechanism (un-illustrating) 
installed near position A3. Next, in Step 102 of drawing 2 , the rolling mechanism 26 rotates 
the reticle arm 23A via the arm axis of rotation 25, and moves the reticle 12 to the position 
B3 of the direction (position in readiness of the reticle drive stage 10 of drawing 1 (delivery 
position)) of Y. 

[0037]At this time, the slot 24A for vacuum absorption is the direction which intersected 
perpendicularly with the absorption position on the reticle minute drive stage 1 1, And since it 
is in the position besides the pattern space of the reticle 12, after the reticle minute drive 
stage 1 1 has moved to the tip of the y direction which is a scanning direction, as for the 
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reticle arm 23A, the reticle 12 can be taken in and out of on the reticle minute drive stage 1 1 
freely. If the reticle 1 2 reaches on the reticle minute drive stage 1 1 (refer to drawing 1 ), it 
will fall in - Z direction, the reticle 12 will be laid in the vacuum absorption side on the reticle 
minute drive stage 11, and the reticle arm 23A will evacuate the arm axis of rotation 25 after 
the completion of delivery of the reticle 12. Then, the reticle minute drive stage 11 conveys 
the reticle 12 in the direction of the position C3 f and goes to it. In this case, the reticle arms 
23A and 23B are that drive independently, for example, each performs reticle load and reticle 
unloading simultaneously, and reticle replacement speed is improving. 

[0038]Next, although the reticle 12 is aligned at 103 or less step of drawing 2 , it explains per 
the mechanism for it, and operation. Drawing 4 (a) shows arrangement of the alignment mark 
(reticle mark) on the reticle 12, and drawing 4 (b) shows the slit shape ********** 32 grade 
in the effective exposure field of a projection optical system, and the conjugate field 33R on 
reticle. Let a direction vertical to a y direction be a x direction by making a scanning 
direction into a y direction. The reticle mark which the shade part 31 is formed in the 
circumference of the pattern space of the center section on the reticle 12, and is formed in 
the outside of this shade part 31 in drawing 4 (a), It is divided into the fine alignment marks 
29A-29D, and 30A-30D. [ the alignment marks 27 and 28 for rough searches, and 3 The 
alignment mark 27 for rough searches by the side of the right-hand side, It is formed along 
the y direction which is a scanning direction from a long linear shape pattern and the cross- 
joint pattern formed in the both ends of this linear shape pattern, and the alignment mark 28 
for rough searches by the side of the left side is constituted as symmetrically as the 
alignment mark 27 for rough searches by the side of the right-hand side. 
[0039]Between the shade part 31 by the side of the right-hand side, and one cross-joint 
pattern of the alignment mark 27 for rough searches, A y direction is approached, the fine 
alignment marks 29A and 29B are formed, between the shade part 31 by the side of the 
right-hand side, and the cross-joint pattern of another side of the alignment mark 27 for 
rough searches, a y direction is approached and the fine alignment marks 29C and 29D are 
formed. The fine alignment marks 30A-30D are symmetrically formed in the left side side 
with these fine alignment marks 29A-29D, These fine alignment marks 29A-29D, and 30A- 
30D, At drawing 4 (a), although only shown as a cross shape mark, as actually shown in 
drawing 4 (c), respectively, 2 sets of three linear shape patterns are arranged with a 
prescribed interval to a x direction, and 2 sets of three linear shape patterns are arranged 
with a prescribed interval to a y direction. 

[0040]In Step 103 of drawing 2 , the reticle alignment microscope (henceforth "RA 
microscope") 20 of drawing 1 detects the alignment mark 28 for rough searches by the side 
of the left side of drawing 4 (a) first. When drawing 4 (b) shows the observation areas 19R 
and 20R on the reticle 12 of the RA microscopes 19 and 20 in this case and rough search is 
performed, the alignment marks 27 and 28 for rough searches are outside the observation 
areas 19R and 20R, respectively. 

And it is outside an effective exposure field and the corrugate field 33R. 
Although this needs to enlarge the alignment marks 27 and 28 for rough searches for rough 
search, when the exposure field of a projection optical system is enlarged according to it, it 
is because it is necessary to enlarge the diameter of a projection lens and becomes a cost 
hike. Then, this example explains with reference to drawing 5 per procedure at the time of 
performing rough search. 

[0041 ]It is the figure to which drawing 5 (a) reduced the enlarged drawing near [ one ] the 
cross-joint pattern of the alignment mark 28 for rough searches, and drawing 5 (b) reduced 
drawing 5 (a). 

In this drawing 5 (a) and (b), width of effective-field-of-view 20R ef of the square of the RA 

microscope 20 is set to W f and the designed value of the sum of the drawing error of a 
pattern and installation error over the outside of the reticle 12 is set to deltaR. 
Therefore, as shown in drawing 5 (b), one cross-joint pattern 28a of the alignment mark 28 
for rough searches is always contained in the field of the square of width deltaR. Although 
the candidate for detection is the x-coordinate and y-coordinate of the cross-joint pattern 
28a, in this example, effective-field-of-view 20R - of the width W is aslant scanned in the 
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direction which crosses at 45 degrees to biaxial [ of the alignment mark 28 ], i.e., a x axis and 
the y-axis. And it asks for the x-coordinate and y-coordinate of the cross-joint pattern 28a 
as an x-coordinate and a y-coordinate when the alignment mark 28 is crossed on the 
occasion of the inclining scan. 

[0042]For that purpose, the number of search screens which is the minimum number of times 
that scans the field of the square of the width deltaR by effective-field-of-view 20R ef of the 

width W as what expresses the integer part of the positive real number a with INT (a) is set 
to (INT(deltaR/W)+1}. It asks for this number of search screens beforehand. And to the field 
of the square of the width deltaR centering on the first effective-field-of-view B5, set up 
effective-field-of-view A5 of the {INT(deltaR/W)+1} individual of the width W, B5, C5, and .... 
aslant, respectively, and the reticle minute drive stage 1 1 of drawing 1 is driven, The picture 
within each effective field of view is sampled carrying out stepping of each effective field of 
view, and setting up in effective-field-of-view 20R ef of drawing 5 (a) one by one. 

[0043]As shown in drawing 5 (b) f at least, the cross-joint pattern 28a of the alignment mark 
28 for a search exists all over the search range of width delta Rxdelta R, and the alignment 
mark 28 is large enough to a search range. Therefore, if step feed of the effective field of 
view is carried out to an oblique direction to this alignment mark 28, it turns out with the 
minimum number of screens that the coordinates of the cross-joint pattern 28a of the 
alignment mark 28 are detectable. One-dimensional Image Processing Division to the picture 
signal acquired by adding the scanning line of the full line in the picturized screen may be 
sufficient as Image Processing Division at that time. 

[0044]Various picture signals acquired by drawing 6 adding the scanning line of a full line 
such are shown. The picture signal along the x direction and y direction where drawing 6 ( a) 
and (d) is obtained by effective-field-of-view A5 of drawing 5 ( b), The picture signal along 
the x direction and y direction where drawing 6 (b) and (e) is obtained in effective-field-of- 
view B5 of drawing 5 (b), and drawing 6 (c) and (f) are the picture signals along the x 
direction and y direction which are obtained by the effective field of view C5 of drawing 5 (b). 
The x-coordinate of the cross-joint pattern 28a is called for from the picture signal of 
drawing 6 (b), and the y-coordinate of the cross-joint pattern 28a is called for from the 
picture signal of drawing 6 (f). 

[0045]Thus t after detecting the reticle mark 28 for a search, in Step 104 of drawing 2 , the 
alignment mark 27 for rough searches is moved to the observation area of the RA 
microscope 19, and the position of that alignment mark 27 is detected in a similar manner 
shortly. However, the portion which does not have a pattern of the reference mark board 6 of 
drawing t in this case is moved into the exposure field of the projection optical system 8 f 
and the portion without that pattern is illuminated from the pars basilaris ossis occipitalis. 
Thus, by the illumination light ejected from the reference mark board 6, the alignment marks 
27 and 28 for these rough searches are illuminated from the rear-face side. 
[0046]By the above sequence, the position of the alignment marks 27 and 28 for rough 
searches to the observation areas 19R and 20R of the RA microscopes 19 and 20 of drawing 
4_(b) and correspondence of a Reticulum mark system can be attached roughly. Rough 
matching with the observation areas 19R and 20R of RA microscope and a wafer-coordinates 
system can be performed by measuring the reference mark on the reference mark board 6 of 
drawing 1 under the RA microscopes 19 and 20. Thereby, the rough alignment (rough 
alignment) which is a grade with which the fine alignment marks 29A-29D and 30A-30D, and 
the reference mark (after-mentioned) on the reference mark board 6 do not lap is completed. 

[0047] However, in this example, in order to make small the lens diameter of the projection 
optical system 8, divide the alignment mark on the reticle 12 into the alignment mark for 
rough searches, and the fine alignment mark, but When the lens diameter of the projection 
optical system 8 may be enlarged, the alignment mark for these rough searches and a fine 
alignment mark can be made a common mark. Even in this case, as shown in drawing 5 , the 
technique of carrying out step feed to an oblique direction, and searching an alignment mark 
can be diverted, and can also search an alignment mark simultaneously under the RA 
microscopes 19 and 20. 
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[0048]Next, although the sequence of fine alignment is explained, it explains per detailed 
composition of a wafer stage and a reticle stage before that. Drawing 7 (a) is a top view of a 
wafer stage, and the wafer 5 and the reference mark board 6 are arranged on Ztheta axis 
drive stage 4 in this drawing 7 (a). On Ztheta axis drive stage 4, the moving mirror 7X for the 
X-axis and the moving mirror 7Y for Y-axes are fixed, The slit shape illuminated field 32W 
corresponding to the slit shape illuminated field 32 of drawing 4 (b) is illuminated by exposing 
light on the wafer 5, and the observation areas 19W and 20W are the observation areas 19R 
and 20R of drawing 4 (b) t and conjugate, respectively. 

[0049]It is parallel to the X-axis, and the laser beam LWX of interval IL and LW of are 

irradiated by the moving mirror 7X in accordance with the optical path which passes along 
the optic axis of a projection optical system, and the reference point of the alignment 
apparatus 34, respectively, In accordance with the optical path parallel to a Y-axis, the two 
laser beams LWY1 and LWY2 of interval IL are irradiated by the moving mirror 7Y. The 
coordinate value measured as an X coordinate of Ztheta axis drive stage 4 with the 
interferometer which uses the laser beam LWX at the time of exposure is used, The average 
value (Y 1 +Y 2 )/2 of coordinate value Y 1 and Y 2 measured with the interferometer using the 

laser beams LWY1 and LWY2 respectively as a Y coordinate are used. The rotation of the 
hand of cut (the direction of theta) of Ztheta axis drive stage 4 is measured, for example 
from the difference of coordinate value Y^ and Y 2 . Based on those coordinates, the position 

and angle of rotation of an XY plane of Ztheta axis drive stage 4 are controlled. 
[0050]Especially the direction of Y that is a scanning direction is using the average value of 
the measuring result of two interferometers, and is easing the error by the air fluctuation at 
the time of a scan, etc. by the equalization effect. The position of the X axial direction in the 
case of using the alignment apparatus 34 of an off-axis method is composition controlled 
based on the measurement value of the exclusive interferometer which uses laser-beam 
LW Qf , as what is called an Abbe error does not arise. 

[0051]Drawing_7_(b) is a top view of a reticle stage. 

In this drawing 7 (b), the reticle minute drive stage 1 1 is laid on the reticle Y drive stage 10, 
and the reticle 12 is held on it 

The moving mirror 21 x for x axes and the two moving mirrors 21 y1 for the y-axes, and 21 y2 
are fixed to the reticle minute drive stage 1 1 , The laser beam LRx is irradiated in parallel with 
a x axis by the moving mirror 21 x, and laser-beam LRy1 and LRy2 are irradiated in parallel 
with the y-axis by the moving mirror 21y1 and 21y2, respectively. 
[0052]The average value (yi + y 2 )/2 of coordinate value y^ and y 2 measured with two 

interferometers with which the laser beams LRy1 and LRy2 are used for the coordinates of 
the y direction of the reticle minute drive stage 11 are used like a wafer stage. The 
coordinate value measured with the interferometer with which the laser beam LRx is used for 
the coordinates of a x direction is used. The rotation of the hand of cut (the direction of 
theta) of the reticle minute drive stage 1 1 is measured, for example from the difference of 
coordinate value y 1 and y 2 . 

[0053]ln this case, the corner cube type reflection element is used as the moving mirror 
21y1 of the y direction which is a scanning direction, and 21y2, and the moving mirror 21y1, 
laser-beam LRy1 which were reflected by 21 y2, and LRy2 are reflected and returned by the 
reflective mirrors 39 and 38, respectively. That is, the interferometer for the reticles is a 
double pass interferometer, and has composition which a position gap of a laser beam does 
not produce by rotation of the reticle minute drive stage 1 1 by this. The slit shape 
illuminated field 32 and the observation areas 19R and 20R of the RA microscopes 19 and 20 
are arranged on the reticle 12 like the wafer stage top. And Ztheta axis drive stage 4 of the 
reticle 12 and drawing 7 (a) can be observed now only from the observation areas 19R and 
20R. Thus, although it is a translation which measures the relation between the reticle 12 and 
Ztheta axis drive stage 4, and raises the alignment accuracy at the time of exposure, and the 
rotational accuracy of the reticle 12 and the wafer 5, with reference to drawing 8 and 
drawing 9 , it explains per that method. 

[0054]In [ the reticle image 12W acquired by drawing 8 (a) projecting the reticle 12 of drawing 
http://www4 .ipdLinpit.go.jp/cgi-bin/tran_web_cgi_ejj e?atw_u=http%3 A%2F%2F. . . 201 0/09/08 



JP,07-176468,A [DETAILED DESCRIPTION] 



11/22^— v 



4_(a) on the reference mark board 6 of drawing 7 (a) is shown, and ] this drawing 8 (a), Mark 
image 29AW - 29DW conjugate [ alignment marks / 29A-29D / of drawing 4 (a) / fine ], and 
mark image 30AW [ conjugate / alignment marks / 30A-30D / fine ] - 30DW are shown. Each 
mark image 29AW - 29DW and 30AW - 30DW are shape which has arranged three linear 
shape patterns to four sides, as shown in drawing 8 (b), respectively. 

[0055] Drawing 8 (c) shows arrangement of the reference mark on the reference mark board 
6, and the reference marks 35A-35D, and 36A-36D are formed on the reference mark board 
6 of this drawing 8 (c), respectively by the almost same arrangement as mark image 29AW of 
drawing 8 Ca) - 29DW and 30AW - 30DW. These reference marks are illuminated by the 
illumination light of the same wavelength as exposing light from the rear face of the 
reference mark board 6. On the reference mark board 6 f the reference mark 37A is formed at 
the position which separated only the interval IL from the middle point of the reference 
marks 35A and 36A in the direction of Y which is a scanning direction. Interval IL is equal to 
the amount of baselines which is an interval of the reference point of the projection optical 
system 8 and the reference point of the alignment apparatus 34 of an off-axis method in 
drawing 1 . Similarly, the reference marks 37B, 37C, and 37D are formed in the position to 
which only the interval IL separated from the middle point of the reference marks 35B and 
36B, the middle point of the reference marks 35C and 360, and the middle point of the 
reference marks 35D and 36D in the direction of Y, respectively. 
[0056]As the reference marks 35A-35D and 36A-36D are shown in drawing 8 (d), 
respectively, it comprises a linear shape pattern of seven lines x seven rows, and these 
reference marks 35A-35D and 36A-36D are sizes settled in the inside of mark image 29AW 
of drawing 8 (b) - 30DW. The reference marks 37A-37D use the lattice point when it 
corresponds of the lattice patterns formed in the direction of X, and the direction of Y with 
the predetermined pitch, as shown in drawing 8 (e). 

[0057]In this case, in Step 105 of drawing 2 , from the result obtained by Measurement 
Division of Steps 103 and 104 first. The relative physical relationship and the relative angle of 
rotation of the reticle 12 and the RA microscopes 19 and 20 are computed, and the fine 
alignment marks 29A and 30A of drawing 4 (a) are moved into the observation area 19R of 
the RA microscopes 19 and 20, and 20R, respectively. Then, in Step 106, the reference 
marks 35A and 36A on the reference mark board 6 of drawing 8 (c) are moved to the 
observation areas 19R and 20R and the conjugate observation areas 19W and 20W (refer to 
drawing 9 ), respectively. Thereby, as shown in drawing 9 (a), mark image 29AW and the 
reference mark 35A can observe simultaneously in the observation area 19W, and mark image 
30AW and the reference mark 36A can observe simultaneously in the observation area 20W. 
Then, in Step 107 of drawing 2 , the detecting signal of a reference mark image corresponding 
also with the alignment apparatus 34 of an off-axis method is sampled at the same time it 
changes into an imaging signal the picture observed under the RA microscopes 19 and 20 
and samples it. 

[0058]In drawing 9 (a), the reticle image 12W which is a projection image of the reticle 12 is 
projected on the reference mark board 6. As shown in drawing 9 (c) t the observation areas 
19W and 20W are in the position which crosses the optic axis in the exposure field of the 
projection optical system 8, respectively, and the reference mark 37A is settled in the 
observation area of the alignment apparatus 34 of an off-axis method. And it synchronizes 
with Ztheta axis drive stage 4 of drawing 7 (a) moving to the upper part (the direction of Y) 
like the time of slit scan exposure, If the reticle minute drive stage 1 1 of drawing 7 (b) moves 
to the bottom (- y direction), as shown in drawing 9 (b) from the 9th (a), the reference mark 
board 6 and the reticle image 12W will move in the direction of Y together. Since the 
observation areas 19W and 20W of the RA microscopes 19 and 20 and the alignment 
apparatus 34 of the off^axis method are being fixed at this time, the mark group (a mark 
image — 30 AW 29 AW) by which the bottom of the observation areas 19W and 20W and the 
alignment apparatus 34 was given to the numerals A Even the mark group (mark image 29DW, 
30DW, reference marks 35D, 36D, and 37D) to which the numerals D were given from the 
reference marks 35A, 36A, and 37A moves and goes. 

[Q059]First, in the 1st static position of drawing 9 (a) after an alignment start. Mark image 
29AW and the reference mark 35A are under the observation area 1 9W, Under the 
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observation area 20W, mark image 30AW and the reference mark 36A are, the reference mark 
37A is under the alignment apparatus 34 of an off-axis method, and the mark to which these 
numerals A were given is observed altogether simultaneously. After Measurement Division in 
the 1st static position is completed, the reticle image 12W and the reference mark board 6 
are synchronously moved to the 2nd static position by stepping operation. The mark group 
which existed in the 1st static position under the observation areas 19W and 20W and the 
alignment apparatus 34 is a mark group to which the numerals A were given, The mark 
groups which exist in the 2nd static position under the observation areas 19W and 20W and 
the alignment apparatus 34 are mark groups (mark image 29BP of drawing 8 , the reference 
marks 35B and 37B, etc.) to which the numerals B were given. 

[0060]By repeating with the 3rd static position and the 4th static position (state of drawing 9 
(b)X the above sequences the mark image of the reticle image. 12W and the reference mark 
on the reference mark board 6, It will be measured in order of the mark group to which the 
numerals A were given, the mark group to which the numerals B were given, the mark group 
to which the numerals C were given, and the mark group to which the numerals D were given 
by the alignment apparatus 34 of the RA microscopes 19 and 20 and an off-axis method, 
respectively. This operation is operation of Steps 105-110 of drawing 2. Thus, in order to 
express the measuring result searched for intelligibly, a measuring result is shown in drawing 
10. 

[0061]The vector of the alignment error from the reference mark 35A to mark image 29AW 
which amends the measurement result obtained under the RA microscope 1 9 like the after- 
mentioned, and is searched for in drawing 10 is set to AL, The vector of the alignment error 
to mark image 29BW - 29DW is similarly made into BL-DL from the reference marks 35B- 
35D, respectively. Similarly, the vector of the alignment error to mark image 30BW - 30DW is 
made into BR-DR from the reference marks 36B-36D, respectively by setting the vector of 
the alignment error from the reference mark 36A to mark image 30AW to AR. The error 
vector from the reference marks 37A-37D to the reference point of the alignment apparatus 
34 which amends the measuring result obtained with the alignment apparatus 34 of an off- 
axis method like the after-mentioned, and is searched for is made into AO-DO, respectively. 
[0062]And the coordinate value of the x direction measured with the interferometer 14 by 
the side of the reticle of drawing 1 when the error vector AL, AR-DL, and DR are obtained, 
The coordinate value obtained using the laser beam LRx of drawing 7 (b), respectively 
Namely, ReAx-ReDx, The coordinate value obtained using laser-beam LRy1 of the coordinate 
value of the y direction measured with the interferometer 14 by the side of the reticle of 
drawing 1 when the error vector AL, AR-DL, and DR are obtained, i.e., drawing 7 , (b), and 
LRy2 is set to ReAy1-ReDy1, ReAy2 - ReAy2, respectively. The coordinate value of the 
direction of X measured with the interferometer 13 by the side of the wafer of drawing 1 
when the error vector AL, AR-DL, and DR are obtained, The coordinate value obtained using 
the laser beam LWX of drawing 7 (a), respectively Namely, WaAX-WaDX, The coordinate 
value obtained using laser-beam LWY1 of the coordinate value of the direction of Y 
measured with the interferometer 13 by the side of the wafer of drawing 1 w hen the error 
vector AL, AR-DL, and DR are obtained, i.e., drawing 7 , (a), and LWY2 is set to WaAY1- 
WaDY1, WaAY2 - WaDY2, respectively. 

[0063]The coordinate value of the direction of X acquired with the interferometer only for an 
alignment apparatus of the off^axis method when error vector AO-DO is obtained, i.e., the 
coordinate value obtained using Iaser^beam LWq F of drawing 7 (a), is made into WaAOX- 

WaDOX, respectively. In this case, as shown in drawing 7 ( a), the interval of the direction of 
X of laser-beam LWY1 by the side of a wafer and LWY2 is IL, and the interval by the side of 
the wafer of laser-beam LRy1 by the side of reticle and LRy2 is RL 

[0064]Next, in order [, such as the error vector AL of drawing 10] to explain per [ for which 
it asks ] way, the composition of the RA microscope 19 of drawing 1 is explained in detail. 
Drawing 1 1 shows the RA microscope 19 and this illumination system, and illumination-light 
EL of the same wavelength as exposing light is led to the inside of Ztheta axis drive stage 4 
via the optical fiber 44 in this drawing 1 1 from the exterior of Ztheta axis drive stage 4. 
Exposing light may be relayed by a lens system instead of the optical fiber 44. The 
illumination light drawn such illuminates the reference marks 35A-35D on the reference mark 
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board 6 through the lens 45A, the beam splitter 45B, and the lens 45C, The illumination light 
which penetrated the beam splitter 45B is illuminating the reference marks 36A-36D on the 
reference mark board 6 through the lens 45D, the lens 45E, the mirror 45F, and the lens 45G. 

[0065]For example, the light which penetrated the reference mark 35A carries out image 
formation of the image of the reference mark 35A on the fine alignment mark 29 on the 
reticle 12 via the projection optical system 8. The light from the image and the alignment 
mark 29 of the reference mark 35A, The half mirror 42 is reached through the deflection 
mirror 15, the lens 40A, and the lens 40B, and the light divided into two by the half mirror 42 
enters into the imaging surface of the image sensor 43X for the X-axis, and the image sensor 
43Y for Y-axes which consists of two-dimensional CCD, respectively. The image of the fine 
alignment mark 29A as shown in drawing 1 2 (a), respectively, and reference mark 35 image 
35AR is projected on the imaging surface of these image sensors 43X and 43Y. In this case, 
although imaging screen 43Xa of the image sensor 43X for the X-axis is a field parallel to the 
direction of X on a wafer stage and the direction of a horizontal scanning line is also the 
direction of X, Imaging screen 43Ya of the image sensor 43Y for Y-axes is a field parallel to 
the direction of Y on a wafer stage, and the direction of a horizontal scanning line is also the 
direction of Y. 

[0066]Therefore, the amount of position gaps of the direction of X of the reference mark 35A 
and the alignment mark 29A is calculated from the averaging of imaging signal S4X of the 
image sensor 43X, The amount of position gaps of the direction of Y of the reference mark 
35A and the alignment mark 29A is calculated from the averaging of imaging signal S4Y of 
the image sensor 43Y. These imaging signal S4X and S4Y are supplied to the signal 
processor 41. 

[0067]If it explains to details taking the case of the case where the mark group to which the 
numerals A were given is being aligned, more, under the RA microscope 19, the alignment 
mark 29A and reference mark image 35AR which are shown in drawing 12 (a) will be observed 
simultaneously. In this drawing 12 (a), picture signal S4X and S4Y in imaging screen 43Xa 
surrounded with the dashed line and 43Ya are detected by anafog-to-digital conversion as a 
digital signal within the signal processor 41. Averaging of the image data on each scanning 
line is independently carried out by the X-axis and a Y-axis within the signal processor 41, 
and picture signal S4X* for the X-axis and picture signal S4Y' for Y-axes by which averaging 
was carried out come to be shown in drawing 1 2 (b) and (c), respectively. These image data 
is processed as a one-dimensional image processing signal, respectively. 
[0068]Thus, if data processing of the acquired signal is carried out with the signal processor 
41, relative position gap AL' X of the direction of X of mark image 29AW of the reticle 12 of 

drawing 10 and the reference mark 35A of the reference mark board 6 and the direction of Y 
and ALy will be called for. And relative position gap AR' X of the direction of X of mark image 

30AW and the reference mark 36A and the direction of Y and AR' Y are called for under the 

RA microscope 20 of drawing 1 . Similarly, the relative position gap with the relative position 
gap with mark image 29BW of drawing 10 - 29DW, and the reference marks 35B-35D and 
mark image 30BW - 30DW, and the reference marks 36B-36D is called for. 
[0069]However, the picture signal corresponding to the alignment mark 29A of drawing 12 (b) 
and the picture signal corresponding to reference mark image 35AR are having the position 
controlled, for example by the interferometer by the side of reticle, and the interferometer by 
the side of a wafer, respectively. Therefore, the Measurement Division coordinates ReAx of 
the interferometer by the side of the reticle at the time of measuring the mark group (29AW 
of drawing 10 , 35A f 30AW, 36A) to which the numerals A were given, for example, ReAyl, and 
ReAy2, deltaWaAX, and delta WaAY1 and delta WaAY2 arise to the Measurement Division 
coordinates WaAX of the interferometer by the side of a wafer, WaAY1, and WaAY2. 
[ deltaReAx which is the Measurement Division error (= actual measurement-preset value) 
resulting from the following error of each stage, delta ReAyl and delta ReAy2 and ] This 
Measurement Division error is included in relative position gap AL' X for which the point was 

called for by an operation, and AL'y. 

[0070]Then, the result of having deducted those errors from the relative position gap 
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obtained by Measurement Division like a following formula becomes X ingredient AL X of the 

vector AL of the alignment error of drawing 1Q y and Y ingredient ALy. however, a following 

formula — setting (1/M) — it is the reducing magnification of the projection optical system 

8 f and IL and RL are the intervals explained by drawing 7 , respectively. 

[0071] 

[Equation 1]AL x =AL' x -delta ReAx/M-delta WaAX [0072] 

[Equation 2]AI_ Y =AL' Y -deltaReAy 1 /M-[(deltaWaAY1 +deltaWaAY2)/2- (deltaWaAY2- 
deltaWaAYD and RL/IL] 

[0073]Similarly, X ingredient AR X of vector AR of the alignment error of drawing 10 and Y 

ingredient AR Y are also called for from a following formula. 

[0074] 

[Equation 3]AR x =AR' x -delta ReAx/M-delta WaAX [0075] 

[Equation 4]AR Y =AR f Y -deltaReAy2/M-{(deltaWaAY1+deltaWaAY2)/2-(deltaWaAY2- 
deltaWaAYD xRL/IL} 

[0076]Next although error vector AO-DO of drawing 10 produced by amending the result 
obtained by the alignment apparatus 34 of an off-axis method is explained therefore, with 
reference to drawing 13 , it explains per composition of the alignment apparatus 34. 
[0077] Drawing 13 shows the composition of that alignment apparatus 34, and in this drawing 
13 the light from the reference mark on the reference mark board 6, Deviate in the deflection 
mirror part 46, enter into the half prism 47, and the light reflected by the half prism 47 tends 
toward the alignment optical system (henceforth "a FIA optical system'') 48 of the image 
processing method using white light, The light which penetrated the half mirror enters into 
the alignment optical system (henceforth "a LIA optical system") 52 for a heterodyne beam 
to detect the diffracted light from a lattice mark. 

[0078]First f if it explains from the FIA optical system 48 side, after the illumination light from 
the illumination light source 49 passes through the FIA optical system 48, it will be deflected 
by the half prism 47 and the deflection mirror 46, and will illuminate the reference mark on 
the reference mark board 6. The returned light follows the same optical path, and returns to 
the FIA optical system 48, and the light which passed the FIA optical system 48 enters into 
the half prism 50A, The light flux which penetrated the half prism 50A carries out image 
formation of the reference mark image on the reference mark board 6 on the imaging surface 
of the image sensor 51 X for the X-axis which consists of two-dimensional CCD, The light 
flux reflected by the half prism 50A carries out image formation of the reference mark image 
on the reference mark board 6 on the imaging surface of the image sensor 51 Y for Y-axes 
which consists of two-dimensional CCD. 

[0079]On the imaging surface of each image sensor 51 X and 51 Y, image formation of the 
picture as shown in drawing 14 (a) is carried out. The reference mark on the reference mark 
board 6 is a lattice point of a lattice-like pattern, and the image 37P of the pattern of the 
shape of the lattice is projected on drawing 14 (a). In the lattice pitch on the reference mark 
board 6 of the image 37P of the pattern of the shape of the lattice, if width of P and a dark 
line is set to L, the width L is set up quite smaller than lattice pitch P. Image formation of 
the reference mark (index mark) image 48X1 for the directions of X illuminated by the 
illumination light other than the illumination light of the reference mark board 6, 48X2 and the 
index mark image 48Y1 for the directions of Y, and 48Y2 is carried out to the imaging 
surface. The position of the reference mark on the reference mark board 6 is detectable on 
the basis of the position of these index mark image. 

[0080]Specifically, imaging region 51 Xa of a direction [ corrugate / in drawing 1 4 (a) / as the 
direction of X ] and imaging region 51 Ya of the direction of Y and a conjugate direction are 
picturized with the image sensors 51 X and 51 Y of drawing 13 , respectively. The directions of 
the horizontal scanning line of the image sensors 51 X and 51 Y are the direction of X and the 
direction of Y, and a conjugate direction, respectively, and each imaging signal S5X of the- 
image sensors 51X and 51 Y and S5Y are supplied to the signal processor 56 of drawing 13 . In 
the signal processor 56, averaging of the imaging signal S5X and the S5Y is carried out, 
respectively, picture signal S5X' of drawing 14 (b) and picture signal S5Y' of drawing 14 (c) 
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are obtained, and it asks for the position gap of a reference mark made into the object on 
the reference mark board 6 from these picture signals. Still more detailed composition is 
indicated by Tokuganhei4-16589. 

[0081]When the reference mark made applicable to detection is the reference mark 37A of 
drawing 10 , the relative position gap of the direction of X and the direction of Y to the 
reference mark of the reference mark 37A obtained by Image Processing Division of drawing 
14 (a) is made into AO'^ and AO'^, respectively. Since the position of the reference mark 

board 6 at this time is managed by the wafer-coordinates system, the value which 
lengthened the following error and rotational error of Ztheta axis drive stage 4 of drawing 7 
(a) becomes X ingredient AO x of the error vector AO of drawing 1 0 , and Y ingredient AO y 

from that measuring result. However, X ingredient AO x and Y ingredient AO y corresponding 

to the FIA optical system 48 of drawing 13 are made into AO^ and AO^, respectively. That 

is, a following formula is obtained. 
[0082] 

[Equation 5]AO fX =AO' fX - (WaAOX-WaAX) 

[0083] 
[Equation 6] 

AO^AO'^- (WaAY1+WaAY2) / 2 [0084]On the other hand, in an alignment system including 

the LIA optical system 52 of drawing 13 , after the laser beam from the laser light source 53 
penetrates the UA optical system 52 and the half prism 47, it is deflected by the deflection 
mirror 45 and enters into the reference mark of the shape of a diffraction grating on the 
reference mark board 6. The diffracted light which the diffracted light from the reference 
mark followed the same optical path, returned to the LIA optical system 52, and passed the 
LIA optical system 52 is divided into two by the half prism 50B, and enters into the photo 
detector 55X for the directions of X, and the photo detector 55Y for the directions of Y. 
[0085]In this case, the laser beam from the laser light source 53 is divided into two within 
the LIA optical system 52, and the delta frequency of deltaf is given to the frequency of 
these two laser beams by the internal frequency shifter. The interference light of these two 
laser beams is received with the photo detector 54, and the reference signal S6 of frequency 
deltaf is outputted from the photo detector. By a suitable incidence angle with the laser 
beam (heterodyne beam) from which these two frequency differs, the reference mark of the 
shape of a diffraction grating on the reference mark board 6 glares, and the primary [ **] 
diffracted light of these [ by the reference mark ] two laser beams returns vertically to the 
reference mark board 6 in parallel. Although, as for the interference light of the primary [ **] 
light, light intensity changes by frequency deltaf, a phase changes according to the X 
coordinate and Y coordinate of a reference mark. And it is outputted from the photo 
detector 55X by the beat signal S7X of frequency deltaf with which the phase is changing 
according to the X coordinate of a reference mark, and from the photo detector 55Y. The 
beat signal S7Y of frequency deltaf with which the phase is changing according to the Y 
coordinate of a reference mark is outputted, and the reference signal S6 and the beat signal 
S7X, and S7Y are supplied to the signal processor 56. 

[0086]When the reference mark for detection is made into the reference mark 37A of 
drawing 1 0 , the signal processor 56 of drawing 1 3 , As are shown in drawing 14 (d), and it asks 
for position gap AO'^ of the direction of X of the reference mark 37A and is shown in 

drawing 14 (e) from phase contrast deltaphi x of the reference signal S6 and the beat signal 

S7X, It asks for position gap AO'^ of the direction of Y of the reference mark 37A from 

phase contrast deltaphiy of the reference signal S6 and the beat signal S7X. The value which 

lengthened the following error and rotational error of Ztheta axis drive stage 4 of drawing 7 
(a) becomes X ingredient AO x of the error vector AO of drawing 10 , and Y ingredient AO y 

from this measuring result. However, X ingredient AO x and Y ingredient AO y corresponding 

to the LIA optical system 52 of drawing 13 are made into AO^ and AO LY , respectively. That 

is, a following formula is obtained. 
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[0087] 

[Equation 7]AO | _ x =AO' LX - (WaAOX-WaAX) 

[0088] 
[Equation 8] 

A0 LY =A0 LY" (WaAY1+WaAY2) / 2 [0089]If it aligns in the position of the mark group to 

which the numerals A of drawing 1 0 w ere given as mentioned above, eight data, Al_ x , AL yp 

AR X , AR y , AO^, AO^, AO LX , and AO Lyi will be measured. 32 data (=8x4) is called for by 

performing Measurement Division to the mark group to which the mark group to which the 
numerals A were given by such a sequence - the numerals D were given. Among these 32 
data, the data obtained under the RA microscopes 19 and 20 is memorized as the data 
measuring Dxn and Dyn, and the data obtained by the alignment apparatus 34 of the off-axis 
method is memorized as the data measuring Axn and Ayn. Then, operation shifts to Step 1 1 1 
of drawing 2 . 

[0090]As opposed to data measuring D ^ on Step 1 1 1 of drawing 2 , and corresponding to the 

xn 

RA microscopes 19 and 20, and D yn , These relations are as follows when the coordinates of 

the x direction and y direction in the coordinate system which enabled it to actually change a 
Reticulum mark system and a wafer-coordinates system only by a linear error are made into 

F xn and F yn' 



[0091] 






[Equation 
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[0092]A following formula will be materialized if the nonlinear errors of a x direction and a y 
direction are made into epsifon xn and epsilon yn . 

[0093] 

[Equation 10] 
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[0094]And the value of the six parameters Rx of (several 9), Ry, theta, omega, Ox, and Oy is 
computed using the least squares approximation so that these nonlinear errors (epsilon, 



xn' 

epsilon yn ) may serve as the minimum. The scaling parameter Rx of a x direction shows the 

magnification error of the x direction of the reticle 12 and the reference mark board 6 here, 
and the scaling parameter Ry shows the scaling error of the scanning direction (y direction) 
of a Reticulum mark system and a wafer-coordinates system. As for the angle parameter 
theta, the reticle 12, the reference mark board 6, a rotational error, and angle parameter 
omega show the offset value of both x direction and a y direction, respectively, as for the 
parallelism of the scanning direction of a Reticulum mark system and a wafer-coordinates 
system, and the offset parameters Ox and Oy. 

[0095]Next, the amount of baselines is calculated in Steps 112 and 1 13 of drawing 2 . In this 
case, the offset at the time of the amount Measurement Division of baselines serves as 
«Ax>-Ox, <Ay>-Oy) by setting to <Ax> and <Ay> the average value of data A xn and A yn 

measured with the alignment apparatus 34 of the off-axis method, respectively. Therefore, 
the interferometer which uses the laser beam LWX of drawing 7 (a) at the time of alignment. 
The interferometer using laser-beam LW QF[ from (a(s0 calljng jt ^ interferometer LWX for 

exposure" hereafter)] • In switching control to ("interferometer LW QFonly for offL . axis " is called 
hereafter) and using the FIA optical system 48 of drawing 13 , it sets the measured average 
value of data A xn and A yn to <Afx> and <Afy>, respectively. And what is necessary is to give 
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offset of offset «Afx>-Ox, <Afy>-Oy) to the measurement value of the interferometer 
corresponding to laser-beam LWY1 of drawing 7 (a). LWY2, and LW QR and just to perform an 

alignment process. On the other hand, in using the UA optical system 52 of drawing 13 , it 
sets the measured average value of data A and A wn to <ALx> and <ALy>, respectively. And 

what is necessary is just to give offset of «ALx>-Ox, <ALy>-Oy) to the measurement value 
of an interferometer. 

[0096]The above amendment method means setting up the standard coordinates of a stage 
coordinate system based on the reference mark on the reference mark board 6. In this case, 
in other words, the axis which passes along the reference marks 37A-37D on the reference 
mark board 6, for example turns into a reference axis, and the reading value (yawing value) of 
interferometer LW 0R)n|y for off _ axis on this reference axis at the time of setting the reading 

value of the interferometer LWX for exposure to 0 on this reference axis is calculated. And 
the result of having amended the yawing value to the reading value of the interferometer 
LWX for exposure, and the actual reading value of interferometer LW QFon|y for off _ ax[s at the 

time of exposure, respectively as "an interferometer value for delivery", Alignment of the 
wafer 5 is performed based on the interferometer value for this delivery. 
[0097]On the other hand, for example in drawing 7 (a), the method of using the reference 
axis of a stage coordinate system as the moving mirror 7X for the X-axis may be used. In 
this case, the measurement value itself is used, without resetting simultaneously the reading 
value of the interferometer LWX for exposure, and the reading value of interferometer 
LW 0Fon|y for off L_ axis (0), delivering in the state of drawing 7 (a), first, at the time of future 

exposure, and using the interferometer value of business. On the other hand at the time of 
alignment, it asks for angle-of-inciination theta XF to the moving mirror 7X of the reference 

axis which passes along the reference marks 37A-37D on the reference mark board 6, for 
example, The value obtained by amending IL-theta XF to it to the reading value of 

interferometer LW 0Fonjy fop off L. axis is used using interval IL of the laser beam LWX and LW Qp 

Thereby, at the time of the ordinary exposure, the reading value of the interferometer LWX 
for exposure and the reading value of interferometer LW QFon|y for off _ axis can be used now as 

it is. 

[0098]Next, measurement data D xn and D yn , Since only the relative error of a wafer- 
coordinates system and a Reticulum mark system is expressed, when least-squares- 
approximation calculation is performed on a wafer-coordinates system standard, all of the 
called-for parameter Rx, Ry, theta, omega, Ox, and Oy are expressed with the linear error of 
a Reticulum mark system on the basis of a wafer-coordinates system. Then, what is 
necessary is just to drive reticle based on the new coordinates (r , r ) searched for from 

the following formula according to the motion of a wafer-coordinates system, if the x- 
coordinate and y-coordinate of a Reticulum mark system are made into r ' and r \ 

xn yn 

respectively. 
[0099] 

[Equation 11] 



r*nl Tr x -Rx-<a> + 0)l [rxnl fox] 
TynJ [R y .0 R y j[rynj + |OyJ 



[0100]since the offset Ox and amendment of Oy are already made by the reticle side in this 
processing — offset of «Ax>, <Ay» may only be amended as an amount of baselines. When 
[ all ] based on a Reticulum mark system, it is also possible to bring a reverse result and to 
amend by a wafer-coordinates system. These amendments are amended by a wafer- 
coordinates system at the time of rough alignment, it may divide like carrying out by a 
Reticulum mark system at the time of fine alignment, and it may be controlled. 
[0101]Si nee the check of reticle alignment and the amount of baselines is performed as 
mentioned above using two or more marks at the time of one reticle alignment according to 
this example, It becomes possible to equalize the depiction error of reticle, and reticle and 
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the alignment error of a wafer, and alignment accuracy improves. Since all of these 
processes are performed simultaneously, a throughput also improves. Since the reference 
mark board 6 which can measure two or more reference marks simultaneously in a non- 
scanning direction (the direction of X) is adopted, the error by the air fluctuation of the 
optical path of an interferometer does not arise. 

[0102]However, since the reference mark board 6 moves to a scanning direction in step, the 
influence by air fluctuation can be considered. When performing processing which used the 
UA optical system 52 of drawing 1 3 at the time of the check of the amount of baselines for 
the reason, use the output value of the photo detectors 55X and 55Y, and the position of a 
wafer stage (Ztheta axis drive stage 4 grade) is locked, If the check of reticle alignment and 
the amount of baselines is performed, the influence of air fluctuation will be suppressed to 
the minimum. The reticle mark of this example is arranged at a total of eight places of four 
corners of the reticle 12. In order to investigate the correspondence relation between a 
Reticulum mark system and a wafer-coordinates system, not only offset but the parameter 
Rx t Ry, theta, and omega are required for this, and depend it on it being more advantageous 
to the determination of the parameter Ry, theta, and omega to have arranged the mark in 
four corners. When using the luminescent reference mark board 6, it is because it is difficult 
for a light-emitting part to have restriction and to make the whole surface on the reference 
mark board 6 emit light. 

[0103]lf the number of reticle marks on the reticle 12 is set to n, the offset parameter Ox 

and Oy will be equalized by 1/n 1/2 , and the error of other parameters will also become small. 
Therefore, an error becomes small, so that the reticle mark n [ several ] is increased. The 
result of having carried out the simulation of the relation between the error of the reticle 
mark n [ several ] and a parameter and the error of the amount of baselines to below is 
shown. Below, it is 3 times the standard deviation sigma, and a unit [nm] expresses 
dispersion in four corners in the new coordinate system of (several 11). 
[0104] 
[Table 1] 
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5.80 
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[0105]As mentioned above, by considering it as the eight reticle marks n [ several ] shows 
that accuracy of the check of 50 nm and the stepping error of a stage of reticle alignment 
and the amount of baselines also as 10 nm is made to 10 nm or less by the reticle drawing 
error. That is, if it is less than restriction of the luminescent reference mark board 6, 
processing speed is carried out early and many reticle marks n [ several ] are taken, it will 
also become possible to raise accuracy more. 

[0106]In this case, although the patterning error on the reference mark board 6 and the 
distortion error of the projection optical system 8 remain as errors into a new coordinate 
system, Since these do not almost have change, it will be satisfactory if the error acquired in 
the exposing result as compared with referred data at the time of device adjustment is 
removed as system offset. In above-mentioned working example, as shown in dr awing 8 (c), 
two or more reference marks 35A-35D are formed on the reference mark board 6, and two 
or more reference marks 37A-37D are also formed. However, even if it uses only the one 
reference mark 35A and the one reference mark 37A, for example, the influence of the 
drawing error of the pattern on the reticle 12 can be reduced by scanning only the reticle 12 
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and equalizing a measuring result. 

[0107]Next, it explains with reference to the flow chart of drawing 15 per 2nd working 
example of this invention, and drawing 1 6 . About this, the reticle alignment mode of the 1st 
above-mentioned working example uses 4 sets of fine alignment marks 29A-29D and 30A- 
30D on reticle, and performs reticle alignment of FAIN. However, after reticle alignment of 
FAIN is once performed by the method of the 1st working example, When the scaling error of 
a scanning direction or the parallelism of the Reticulum mark system of a scanning direction 
and a wafer-coordinates system is small, it may be made to perform reticle alignment and 
base line measurement using 1 set of fine alignment marks. Thus, the alignment mode in 
which magnification (Rx) Measurement Division of a non-scanning direction, rotation (theta) 
Measurement Division, and the Measurement Division to three items of base line 
measurement are carried out using 1 set of fine alignment marks is called "quick mode." This 
quick mode can be applied also when it turns out beforehand that the drawing error of the 
fine alignment marks 29A-30D on the reticle 12 is still smaller. 

[0108]In this quick mode, for example 1 set of fine alignment marks 29A and 30A on the 
reticle 12, Magnification (Rx) Measurement Division of a non-scanning direction, rotation 
(theta) Measurement Division, and the Measurement Division to three items of base line 
measurement are carried out using 1 set of reference marks 35A and 36A on the reference 
mark board 6, and the one reference mark 37A on the reference mark board 6. However, in 
order to amend the drawing error of 1 set of fine alignment marks 29A and 30A in the case 
of this quick mode, it is necessary to memorize the drawing error of the marks 29A and 30A 
searched for by the fine alignment sequence. 

[0109]Operation of this 2nd working example is explained with reference to drawing 15 and 
drawing 16. Operation of drawing 15 and drawing 16 is the operation which added quick mode 
to operation of drawing 2. 
A fine mode and quick mode can be switched. 

In the step of drawing 15, identical codes are given to the step corresponding to the step of 
drawing 2, and the detailed explanation is omitted. 

[011 0]ln drawing 15, like [ Steps / 101-104 ] the case of drawing 2, the reticle 12 is laid on a 
reticle electrode holder, and the RA microscopes 19 and 20 detect the position of the 
alignment marks 27 and 28 for rough searches, respectively. Next, one of a fine mode and the 
quick modes is chosen at Step 115. This selected result is beforehand directed from the 
operator via the keyboard 22C of drawing 1. However, the pattern information of the reticle 
12, etc. are read by an unillustrated bar code reader, and it may be made for the main control 
system 22A to choose alignment mode automatically based on this result. 
[01 1 1]If a fine mode is chosen, Steps 105-1 13 of drawing 15 will be performed, and base line 
measurement using the measuring result of the reticle alignment and fine alignment using two 
or more fine alignment marks and two or more reference marks will be performed like the 
above-mentioned. And at Step 114, in the new coordinate system top on the reticle 12, the 
drawing error (henceforth a "mark error") of the position of the actual fine alignment marks 
29A and 30A to an original position is searched for, and the mark error is memorized to the 
storage parts store within the main control system 22A. When searching for a mark error, 
from the relation (conversion parameter) for which it asked at Step 113. It asks for a 
Reticulum mark system on the basis of a wafer-coordinates system, and the nonlinear errors 
of the measured coordinate value to the design coordinate value of the fine alignment marks 
29A-29D and 30A-30D are searched for on this Reticulum mark system. These nonlinear 
errors turn into a mark error. Thus, the mark error on the new coordinate system on reticle 
is memorized from the result of Steps 112 and 1 13 at the time of fine alignment. When the 
reticle drawing error is measured beforehand, an operator may carry out the direct entry of 
the drawing error. An effect is large especially when linear elements are contained in a 
drawing error. 

[01 12]On the other hand, if quick mode is chosen at Step 115, operation will shift to Step 
116 of drawing 16. And in Steps 116-118, the same operation as Steps 105-107 of drawing 
15 is performed. In quick mode, namely, one pair of fine alignment marks 30A and 29A on the 
reticle 12, And the image of one pair of reference marks 36A and 35A on the reference mark 
board 6 is observed under RA microscope, and the alignment apparatus 34 of an off-axis 
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method detects the one reference mark 37A. The position of the mark detected with the 
alignment apparatus 34 of the mark observed under RA microscope in the second half and 
off-axis method of Step 1 19 is searched for. Then, in Step 119, the mark error searched for 
at Step 1 14 of drawing 15 is amended to the position from which the fine alignment marks 
30A and 29A on the reticle 12 were detected. Thereby, the number of the mark measured in 
quick mode can amend the pattern drawing error on the reticle 12 at least almost to the 
same extent as the case in the fine alignment mode of the 1st working example. 
[01 13]Next, in Step 120, the magnification error Rx of a non-scanning direction of the six 
conversion parameters (Rx, Ry, theta, omega, Ox, Oy) of (several 9), the rotation theta and 
the offset Ox, and Oy are calculated based on the position of each mark obtained by 
amendment at Step 119. As shown in drawing 8 (a) and (c), specifically, the magnification 
error Rx of a non-scanning direction is searched for from the difference of the mark interval 
of the direction (non-scanning direction) of X of the surveyed reference marks 35A and 36A, 
and the interval of the direction of X of mark image 29AW and 30AW. It asks for the rotation 
theta from the difference of a position gap of the direction (scanning direction) of Y of the 
reference marks 35A and 36A, and a position gap of the direction of Y of mark image 29AW 
and 30AW, and a mark interval. The offset Ox and Oy are calculated from the average 
amount of position gaps of a reference mark and the mark image of reticle. 
[01 14]In this quick mode, since the mark made applicable to Measurement Division is two 
pieces at a time in the reticle and reference mark board 6 side, it can determine four of six 
conversion parameters of (several 9). Then, the value of four conversion parameters is 
calculated as mentioned above. The magnification error Ry of a scanning direction can be 
searched for by choosing the two fine alignment marks 29A and 29D located in a line, for 
example in the direction of Y of drawing 4, and the two reference marks 35A and 35D of 
drawing 8 (c) for Measurement Division. 

[0115]And reticle alignment is performed based on the magnification error Rx of the non- 
scanning direction called for at Step 120, the rotation theta and the offset Ox, and Oy. 
Measurement Division of the magnification error prepares beforehand the magnification error 
corresponding to a part for the gap of the measurement value of each mark to the designed 
value of each mark as a table, and it applies a part for the gap of the measurement value of 
each mark to the designed value of each mark to the table, and it may be made to search for 
a magnification error. 

[0116]Next, in Step 121, base line measurement is performed using the measurement value 
of the center coordinates of the reference marks 35A and 36A, and the measurement value 
of the reference mark 37A. Thus, according to this example, perform fine alignment mode 
once and the drawing error (mark error) of the pattern of the reticle 12 is searched for, Since 
it is amending the mark error in performing alignment in quick mode, it is a high throughput 
and the projection aligner of a slit scan method can be aligned with high precision. 
[0117]Next, with reference to the flow chart of drawing 17, it explains per 3rd working 
example of this invention. Whenever it carries out specified number exchange of the wafer 
(i.e., whenever this 3rd working example is exposed to the wafer of a specified number), it 
performs reticle alignment and base line measurement in above-mentioned quick mode. In 
this example, after exchanging reticles with the projection aligner of drawing 1 , an example of 
operation in the case of exposing the pattern of the reticle 12 one by one is explained to 
several 100 wafers with reference to drawing 17. 

[0118]First f in Step 211 of drawing 17, the reticle used before is exchanged for the reticle 12 
of drawing 1, and exposure operation is started. In this case, the reticle alignment in quick 
mode and the operation of a baseline check which are shown in Steps 101-104, and 1 15 of 
drawing 15 and Steps 1 16-121 of drawing 16 are performed. Then, the number of sheets of 
the wafer which will be exposed as an initial value by the time it next performs reticle 
alignment and a baseline check is set as the variable N at Step 212, and a wafer is loaded on 
the wafer stage 4 at Step 213. However, a new wafer is loaded after unloading the wafer 
exposed [ the ] (taking out), when there is a wafer already exposed at Step 213. 
[0119]Next, it is investigated whether it is the timing which performs whether the variable N 
is 0 and reticle alignment, i.e., a baseline check, at Step 214, and in being larger than 0, the 
variable N subtracts 1 from the variable N at Step 215, and shifts to Step 216. In this step 
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216, after aligning a wafer using the alignment apparatus 34 of the off-axis method of drawing 
13, or the wafer alignment system of a TTL system, the pattern of the reticle 12 is exposed 
by each shot region of a wafer. After the exposure to a wafer [ all (specification number of 
sheets) ] is completed, the exposure process about the reticle 12 is ended, but when no 
exposure to wafers has finished, it returns to Step 213 and unloading of an exposed wafer 
and loading of a new wafer are performed. Operation shifts to Step 214 after that. 
[0120]When it is the timing which performs N= 0, i.e., reticle alignment, and a baseline check 
at Step 214, in Step 217, Measurement Division of the rotational error of the reticle 12 and a 
magnification error is performed. This is the same as that of Step 120 of drawing 16. Then, it 
shifts to Step 218 and the baseline check of the direction of X of the alignment apparatus 34 
(wafer alignment system of 2 light-flux interference alignment method including an alignment 
system or the UA optical system 52 including the FIA optical system 48) of an off-axis 
method and the direction of Y is performed here. Then, after setting up the number of sheets 
of the wafer which will be exposed by the time it performs a baseline check next as the 
variable N at Step 219, operation returns to Step 216. 

[0121]Thus, according to this example, whenever it exchanges reticles, perform reticle 
alignment and base line measurement, and. Since reticle alignment and base line 
measurement are performed in quick mode whenever it exposes to the wafer of a specified 
number, the superposition accuracy of each wafer and the pattern image of reticle can be 
raised by a high throughput. 

[01 22]Although the technique of above-mentioned working example is explained about the 
base line measurement at the time of alignment of an off-axis method, it can expect the 
same effect by application of this invention also in the TTL (through the lens) method using 
the inside of the field of a projection optical system. Thus, this invention is not limited to 
above-mentioned working example, but can take various composition in the range which does 
not deviate from the gist of this invention. 
[0123] 

[Effect of the Invention]According to the 1st projection exposure method of this invention, 
according to the called-for position gap, in each position of two or more marks for 
Measurement Division on a mask final, for example by the least squares approximation etc. 
By asking for the parameter (offset of magnification, scaling of a scanning direction, rotation, 
the parallelism of a scanning direction, the direction of X, and the direction of Y) which 
matches a mask coordinate system and a substrate coordinate system, the influence of the 
drawing error of the mark for Measurement Division on a mask can be suppressed small. 
[0124]According to the 2nd projection aligner, by equalizing the measuring result about two 
or more marks for Measurement Division by the side of a mask, the drawing error of the mark 
for Measurement Division of a mask is made small, and the amount of baselines which is an 
interval of the reference point of a projection optical system and the reference point of an 
alignment system can be measured correctly. According to the 3rd projection aligner, on a 
reference mark member, make it correspond to two or more marks for Measurement Division 
on a mask, and form two or more the 1st reference mark, and. Since two or more the 2nd 
reference mark is formed from the 1st reference mark of these plurality at the interval 
corresponding to the interval of the reference point in the exposure field of a projection 
optical system, and the reference point of the alignment system of an off-axis method, 
respectively, Since equalization is performed also the reference mark side, the amount of 
baselines is measured more correctly. 

[0125]According to the 4th projection exposure method of this invention, it can ask for the 
correspondence relation between the coordinate system on a mask, and the coordinate 
system on a stage by a high throughput by choosing the simple measurement step by quick 
mode if needed. According to the 5th projection exposure method, the correspondence 
relations and the amount of baselines of the coordinate system on a mask and the 
coordinate system on a stage can be calculated by a high throughput by choosing the simple 
measurement step by quick mode if needed. 

[0126]Since according to the 6th projection exposure method the simple measurement step 
by quick mode is performed whenever it exposes to the substrate of a specified number, 
When exposing by a scanning method continuously to many substrates, the correspondence 
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relations and the amount of baselines of the coordinate system on a mask and the 
coordinate system on a stage can be calculated by a high throughput. 



[Translation done.] 
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* NOTICES * 

JPO and 1 NP IT are not responsible for any 
damages caused by the use of this translation. 

"IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a lineblock diagram showing the projection aligner with which working 

example of the projection exposure method by this invention is applied. 

[Drawing 2] It is a flow chart which shows the alignment method of the 1st working example, 

and the check method of the amount of baselines. 

[Drawing 3] It is a perspective view showing a reticle loader system. 

[Drawing 4]T he plot plan in which (a) shows the plot plan of the alignment mark on reticle, 
and (b) shows the effective field of view of a projection optical system, the alignment mark in 
a conjugate field, etc., and (c) are the enlarged drawings showing the fine alignment marks 
29A-30D. 

[Drawing 5] (a) is an explanatory view in the case of performing rough alignment of reticle, and 
the figure to which (b) reduced drawing 5 (a). 

[Drawing 6]W hen performing rough alignment of reticle, it is a wave form chart showing 
various imaging signals acquired from an image sensor. 

[Drawing 7j (a) is a top view of the stage by the side of a wafer, and (b) is a top view of the 
stage by the side of reticle. 

[Drawing 8] The projection in which (a) shows the mark arrangement on reticle, the extended 
projection figure in which (b) shows an example of the mark on reticle, the top view in which 
(c) shows arrangement of the reference mark on the reference mark board 6, the enlarged 
drawing in which (d) shows examples, such as the reference mark 35A, and (e) are the top 
views showing examples, such as the reference mark 37A. 

[Drawing 9] It is a top view showing the relation between reticle alignment and the reference 
mark board at the time of Measurement Division of the amount of baselines, reticle, a 
projection optical system, and an alignment apparatus. 

[Drawing 10] It is a figure showing the error vector acquired by Measurement Division of 
reticle alignment and the amount of baselines. 

[Drawing 1 1] It is the lineblock diagram which cut and lacked the part which shows the 
composition of the reticle alignment microscope 19 and an illumination system. 
[Drawing 12] (a) is a wave form chart showing the picture signal of the direction of X 
corresponding to the picture in the figure showing the picture observed with the image 
sensor of drawing 1 1 , (b), and (c), and the direction of Y. 

[Drawing 13] It is a lineblock diagram showing the alignment apparatus 34 of an off-axis 
method. 

[Drawing 14]T he wave form chart showing the picture signal of the direction of X 
corresponding to the picture in the figure showing the picture by which (a) is observed with 
the image sensor of drawing 13 , (b), and (c), and the direction of Y, (d), and (e) are the wave 
form charts showing the detecting signal acquired via the LIA optical system of drawing 13 . 
[Drawing 1 5] It is a flow chart which shows operation of a part of alignment method of the 
2nd working example, and check method of the amount of baselines, 
[Drawing 16] It is a flow chart which shows operation of the remainder of the alignment 
method of the 2nd working example, and the check method of the amount of baselines. 
[Drawing 1 7] It is a flow chart which shows operation of the exposure method of the 3rd 
working example. 
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[Drawing 18] It is the lineblock diagram which cut and lacked the part which shows the 
conventional stepper's alignment system. 
[Description of Notations] 

4 Ztheta axis drive stage 

5 Wafer 

6 Reference mark board 

7 The moving mirror by the side of a wafer 

8 Projection optical system 

1 1 Reticle minute drive stage 

12 Reticle 

19 and 20 Reticle alignment microscope (RA microscope) 

21 The moving mirror by the side of reticle 

27 and 28 Alignment mark for rough searches 

29A-29D and 30A-30D Fine alignment mark 

34 An alignment apparatus of an off-axis method 

35A-35D and 36A - 36D reference mark 

37A - 37D reference mark 

.. . i. , . , ipi.irrrrof' H Ti>' i pi. - m i. ,^ r , ,., T „ m i i i m il i i i m — ■ ■ ■ ij. i pi t . .. | . T f ^ w ^ i ■ i 

[Translation done.] 
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v^mmm^~7UM±.<Dmmmz <omm-?-7% 
mmbmmx, mm-? 77 ±<ommmmm-?-7(o 

Pwmfev l -ooftiJffl v— 7 1 MIBH 1 (Dg*pV-7 
£OfeS-f ft»£ftiffJ-r 331 2 Igfc ; fijiBIg 1 Igi: 
MI3^2X@fccDif^p,^-^jlW-r§^3ISi: ; 

mm 3 ig-esK^n/cxgT-oftsiJM^TS^, mib 

»> S.I>"hubB^7 • 77~y7753(07?4*yb&xn 

mLrcmz%2<Dmm'?-7<Dim-ftim£K>, msbv 
x 7j-<ommik t mi7f—~y~±<Dmm?k t <o^m% 

*7 ■ 77^7153(07^4 y-yY%<DW$&t<DTmh 

mmp^m(ommmm ft © v x 7 ±.<o^ 7 ~ym^ 
^%^m:ft\,x7=r~i> x<owmz.m%\^ mm% 

LXfe&tZCklc&O. mm^77±<Dmm 



mfeftm(ommffiM& k> t>jz^wm<D/^7-yimmm 

tuIBS^7t^©3fi^(ctulBS®±^{ufi^i6fflcDV- 
7<D\im^mt^fc^><D^7 • 77^7753(0754 
*yh$k%$lWL, 

m^77±icmmttw%fc£(oi5faimm(omm 
ibx-x— 7±kb3«u m.m$«omm-?-7imim& 

K¥Jk(0m&tmtt7 • 77y7753,<D7=>4*y 

Y%<ow$&k<otmfcttfot%mmT°mi&iEfttzm 1 
rxs% 2 <ow$ v- 7 6 & 0 > 
tuiBSs^m^ft^s^-r s s tc , 



-^^«±cdbusb^ 2 <omw?-7*mk bfzVimx\ 
m^77t<owk<otYMm'?-7<ofa(omfe(o 1 
t\mm^-7 tttfotzmim 1 <ds¥v-7 £<d{4b 
^rL«^ttiJL, mm^nrcamtnm, Rmm 

7 • 7^^>X7j^7^-r^yh^li^Lfct5fB^2 

<omm-?~7(o®.mtHm£<9, mv?77±-<omm& 
tmB7^-i/±(omm^t(oM^mmt, mz&&K 

7 5 -r ^ y h ^©g^ t corsmtz^tb % c ^ £ 
10 ®wtkt zmemmm* 

[0001] 

ymm3<o®.&m,7vm\mm bx^m^nmrnm 

[0 0 0 2] 

m*7* h; v7*?7ji:mxm&tz>mic, 7 

* b^77XitU^-7)l (J^T, ri^7;ld i^m-r 
20 3) <D/^-y£^7te*W^£fifcg« (7x/\ 

v hmmm&mm¥&<omyt7^-)i Ynimm-z 

^tX, &ysy bmmcm^K\y9-7 )V<0^7-ym^m 
7t?%t^o7j-v-7°-7y\ t • V¥-b?53(Dm'h®. 

[0 0 0 3] 01 Sti^^Xx-y^-fDSgP^^b, 
Z.(0mi 8lC&^X, *7Z.^7f—i/ 4<0±lC>yx./\5 
tfllJtl, cKT)7x/N5 03a^07x/A7.7— i?4± 

30 7^H^$nrv^ 0 ?-lt, 

2 ±0/^-y<Dft^Fm^ 8 ItftLX 7x/n 5 ± 

v vmmcm^mitzn^o ^<on, ^^7 

7—i/ 4 &'7Z-^mM$iteYA-z>XMW}Ztl%<OX\ 
7)11 2(O i yx./\m^±X(OiiLmRZJ : U^7Jll 2<0 

*j x/ ic m? z> man zm\ l x « < ^g^s 

5„ ^(Otctbic, u?-7)ii 2(o/^7-ym^.(0]&.mz 
l£ftfa?%£5lc2m(0774*yh-?-7 (U?-7;l 

eoR&tfe 1 R^fi)c$n, a^-^tgs 

40 7 ±.lO,Z, Ztlt>\s?-7)l-?-7 6 0RRZf6 I R(0V 

-^6 0FRa'6 1 F«jnt^§ 0 

[0 0 0 4] SfCv Uf-^7;H 2£Dbf-^;l/V-^ 6 0 
RRXI6 1 RO±tCtt^n ; fnbf-^;l'77'l'^>hgi 
WM5 8RXS5 9^Ett^nTV^ 0 Uf-^;l/7v^^ 

±© b f- 7 ;l/ v - ^7 i: 7 x/ \ 5 ± <0 7 y 4 * y V 7 
50 k%mi%lcM&XZ2>-tyy—k*ffix.X^%o m l 8 



(4) 



7- 1 7 6 4 6 8 



XMXx-74©#£Xr--y7 • 7>K • U fc?-h735£ 
-?&W)?Z>££Ic£-dT, 7xm5©#">3 -y h^J^tC 

uf-*;n 2±©/^-y©{t^n ; rtiSft£ft3o 

[0 0 0 5] »5Xf7^-tfc^T, t&IgT'f&fc 
3ftfC7XM 5_h©[5]Sg/^-y(D±^M{C Uf-^;!/ 1 

©#-7ay hfi$©^£^t-&7x;\$;|i&i:, u 

;l/Ffc-7XM5±© 1 ^3<y hfgi§lt©**£tfl?L<, 

[0 0 0 6] IPS, ^x/NXx-^^fgiSLTg^iV 
5 7 fcUHBft** 8 08^7 ^ Frtfcgfl&S 

Tl^^l/V— £ 6 ORi:S2p^-^6 0 F tOffifi-f 

n«*ttitiu ^©uf-^i^^^yhg^gts 9 20 

fC 5 feoTUf-^;l/x'-^6 1 R^S^V— ^6 1 F £© 

/Co Mfc, £*Pv-£60F%a¥v— *6 1 F©{£| 

6 1 R fcgJpV-* 6 0 F tflDffiMf n 

SCiifCcfcoT, S^fc7x/^^tP^^;l/^ 30 

[0007] 01 stcfe^-a^ ^xa5±©§ 

•>g y h»cftjSLTffM£nfc&75^yh 

!^8(D{|lJffig|3fC^7 • 7*7i/7,tt<D7 : 7'(*yYW$fL 
i3 4W6ntV^o C©*§£\ C£D77-fP<yh 
£!Kft3 4 T?fctfJ£ftfc*x/\v-*©ffiHK:g-3^ 

r, *tj55-rs7xM5±o^3 y hmmtf&myt¥%8 

^R8 0«}t7-f-;PKrt©a*jS 40 
*7 • 7 ^^7^075^^ VhSMRM3 4 cq^ 

[0 0 0 8] ^©Xr'y/Wc&t^T, 
-x^y«£g+7fj-r£^cfct l^^v-^ 6 o 

R, 6 1 Rirg*pv-*6 0F, 6 1 F©#®«fc©{ft 

& 5 7 ±o^f5f5S^v-^ t<DijLm-fnmztw\L 50 



[0 0 0 9] 

i^£i§3"Ct>, fi£*0Jfcracgfi©Ilft7*-;UK*fll 
f£LJ:9<!;T5^ S^7^-;l/F©^ffiT-^t14^ 

TV3©*^ FjfHiXU'y hX*+>«10?S©J8ie»lG 

[0 0 10] £©X'J >y h7*+>B^SOJ9^R)te 
x/\£f§#Wc|Bl$LTj£gL&^e>, ?Ol/f^/VO 

^rSfcuuffisio^^-^s^x/Nita^-rsiim 

J±^Tt8»ft^©*tt7w-;l/ F*/J>S < "TS c 
Tf * > lift 7 -r Frt-e©efctt1S©»lfctffii±'f * 

[0 0 1 1] ft#©Uf-*;P©*££©±8IHi6 

ftiME¥/<*->©^:iBa!ftK*S**fci6tfe, XI) -y 

h X * + y WtfrSmft iJ T- § c 

[0 0 1 2] #rfr57'J'y h7+^yffi^73^©Sf^® 

;l/±©lslK/^-y©Jaiiil^M{c«fcoT7v-i'^ y 

6 9 7 8 1 ^T-fct Xx'y/^— {Ct3l/->T7x/NXx— 7 

»<ow«ffl ^ ©i5]B#its'j k «t § mfsM <omi t^? 

M&tt. X U «y h x^+ yM7fe73S©SI^S7tStt©^ 

s?3 i&itc ttipjffl t * r , uf - ^ )\>wm& 1 7x/ ^^^g^ 
fcoEUKftRtf^tiBflsaeficjaaiiSSjaKWiift «t < w- 

[0 0 13] SK7t^©^7 1 67i'-;l/Frt© 
^fuBi:, *7 • 7^-7X73^©75^j?<7M^© 



(5) 



ffl©) ©V-^£/3^Sft$j73&£ ; ?-©3:3:71J>y h7 

[0 0 14] #fP3tt»rfr*j&fcfi#, XU >v hx*+ 

^•tt^oisaBWfcStiifcfc^T* uf-*;i/ (vx 

©#J5tttt©IEfit£ £ t) t>3B8tttf a«sn*»£tf S 

[0 0 15] Mtc, #fgg3«\ X'J<y hX+^ygfttf 
3£©J2fe®tgfifc::tefT\ (vx7) ±<o/< 

z-y<Dffi®wM<D&wttim-£*£x, w&wmvn, 20 

ft7^-;l/K©g?M£:> *7 • 7 2 9 s Xfi&DT v 4 

[ooi6] sfe, w*tf^-x5>f>fm%BT3eisa» 
m t<Dfti&wi*n5 c ttfu%L\,\ zcx\ *i 

fr-plS. l^7;1^1i& (vx^iM) fc^x/Nffifil 

£ (S&&H&) £©#£{*#, &tH-©^-x^y 

[0 0 17] 

C3fJSgtt©I!ilB««l?SOV^ir (12) ±©/^-y 

(8) ^U7f->* (4) ±©g« 

(5) fcBftU *OBffflBttOJSW««tJ#bTffi» 40 
Wfcvx* (1 2) &tfgffi (5) *pS|»iLTj£SE'r* 

zticxv. vx^ (12) ±©*©m^tt©sawfii 

*«fcDfcJ£irMffl*©^*->«*»S (5) ±te«tr 

Stfffifcfc^T, VX7 (1 2) ±fc*©*g**Wfcj££ 
©#fa£$ifc©ft$JfflV-^ (2 9 A~2 9 D) 

<0g?pV-? (3 5 A~3 5 D) ^^^nfcS^V- 
73$tf (6) ^Xf->" (4) itffilb, VX7 (1 
2) fttfgfi (5) ^^©fflWW^SEO^lPlfcPlffit 
T&i^-ItT, VX* (12) ±©^3&©t+ffiiJfflV-7 50 



7-1 7 6 4 6 8 



8 



©1*5© 1 0<Dft$jffl-?-^ (2 9 A, 2 9B, ■ • ••) 
*T— 5> (4) ±©ttl£-f (3 5 A, 3 5 

B, ••••) fc©ffiB-rtt«*raWH-WU ^ft^ififc© 

im?tim&K>. (12) ±0*«BRfcXf— 

(4) ±©^^ii©WfSR8^*465t©T^So 

[0018] sfc, *«wtc«j:*^2©js»a^a 

(8) ©jfi«fcS« (5) ±©f£B?*#>ffl©V-7©{i 

& (3 4) *EBU "?X7 (12) ±fc*©ffi*tW& 
i££©?3fafc:jt&©fj-ffl!lfflV-7 (2 9A-2 9D) £ 

E#U «U&«*3R (8) ©Hft7-f-;UFfl©S3Mi 

• 77~7X#iS©77f'*7M£ (3 4) ©S 
^i:©F^HtcWJS-rSKHT^ l ©S¥v-7 (3 5 

A) &tf£l2©g*Pv-7 (3 7 A) 

(6) **f- 5* (4) ±tCgHfi1-£o 

[0 0 1 9] ^LT, 4-7 • 7^->77j^©75'l'^y 
h& (3 4) Xmm^tf (6) ±©^2©S¥^-7 

(3 7 A) *»RLfc«tt-e» VX7 (1 2) £Mf2ffl 
ftW&£g©7aft{c;$ifr£-£T, vx^ (12) ±©« 
»©tf»Jffl"7-*©rt© 1 0©st$JfflV-7 (2 9 A, 
2 9B, • ••) tXf-^ (4) ±©gl 1 ©g2pV— 7 

(3 5 A) £<DtiLW?tlM*mMtMU %ftt>M$l<D 

mm^-ftztLZWi i ©s*pv-^i:©^n€n© 

fiB-rn»©¥^{ISt/47 • 77-7X73a£©75-r* 

yf^ (34) -en^Lfc ; e©^2©s«px'-7©{iH 

ftiict^ (8) 0l3t7-r-^Frt0S 

jSfc*7 • 7^'>XH©77^^yM (3 4) © 
[0 0 2 0] #3fcJB©£ 3 ©i8»»fc£tett, * 

ojR2oa»ii3t^rttfc*^T, sfc^-zmt (6) 

±fc, VX7 (1 2) ±©}S&©fHiJfflV-7 (2 9 A 

~2 9D) tett£**T*©m ©a*v-**a«MB 

(3 5A-3 5D) BtRtZtPilC, Ctl^m^mi 
©S?pV-7 (3 5 A~3 5 D) fre>Ztl?ft®.BK¥ 
% (8) ©E7t7-r-;l/HF*3©S^i:4-7 • 7^>X 
73S©7'7-f'^yh^ (3 4) ©S¥^i:©rail}C^fS 

•r§F^Pi-e ; e©^2©s^-^^ii^f@ (37A~3 

7D) MU (1 2) RD'Xf->* (4) 

(12) ±©^©!tiSiJfflv-7©(*3© l o©ltf|iJfflv 

— -7 (2 9 A, 2 9B, • • • •) ilXx— ^ (4 ) ±©ft 
fS-r5^1©S^-7 (3 5 A, 3 5B, • •••) t<D 

&wirnm*mkm\t%tmc, • 7^777^ 

©79-r^7h^ (3 4) l??ia©^2©S^x'-7© 
rt©WfSf*S*V-^ (3 7 A, 3 7B, ••••) *Wl 

s^v- ^ t © ; en ; e*n©{4H-rna©¥^{iRt;* 7 

• 77'77^©77-r^Vh^ (3 4) T'ffigkLtt 



(6) 
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t>, *2f£ft#& (8) ©BJt7^-;UFrt©S*jSfc* 

7 • 7^->^077-<^>h^ (3 4) (DMW&t 
[0 0 2 1] 3fcfc, *%m<DW, 4 ©JS^R^ffifi, ± 



^ffifci^ait, vxi' (i 2) ±©«»©w-asfflv-^ 

(2 9 A, 29B, •••) tftfctZWm^-t (3 5 
A, 3 5B, •••) fc©*ftW©{M"f*l»*:Rl&*8 

i ifik ; fcvx^ioitoitlWv-^ortwiT io 

£©lO©ftifJffl-7-7 (2 9 A) WOXf-^lO 

#is-f 3g?pv-7 (3 5 a) ^©fig-rnM^ i ni/e 
tftwju i+iflijfflv-^ (2 9 a) tmm^-^ (3 5 

A) fc©{fi«?tt*&ffiaWfc#«>SS2lgi: ; ^© 
®llgfc j e©£2XSi:©2-5 5fr-;fi#3l&u c 

town* nfciST#» e> n ^©h-pjs v- 7 ^ ^ © 

(1 2) lOiil^f-^ (4) ±©£fl0Rfc©8 
[0 0 2 2] $fc % *%W©^ 5 ©S^B^Stt, ± 20 

£tp?-?ffitt (6) ±©fg2©g^-7 (3 7 A, 
37B, •••) ^ilLf;«lT\ (12) £^© 

ffiWW**4©*I^fc^lftS-e-T, (1 2) ±© 

HtS(©ft!ifflV-7 (2 9 A, 2 9B, •••) ©ft©10 
©ftiifflV-^gU ©S*Pv-7 (3 5 A, 35B, 

•••) ttDimtftmzimksf'Mtzwiixmt ; *7 • 

77777^©7777yhireS^v-7g|5# (6) 

±©!£2©g^-^ (3 7 A) *ffi.mbrcttm?\ V 30 
77 (12) ±©^©fj-iJffl^-^©F*3©m^©10 
©HiilfflV-7 (2 9 A) t%Sl ©g*PV-7 (3 5 

a) fc©ffiitrn«*iBi*wicttM , rss2xefc ; * 

TfcS* ^©st$Jfflv-7fc^©g¥v-^i;©{£fi-<r 

na, &#*•©# 7 • z^^soT^/yHf 

^L/c^2©S*x'-^©fiH-rn»J:t)> ^©V7 

fc, *©^ft¥£©Stt7*f->l/Krt©gqsj&fc*© 40 
*7 • 7?77#^©7^7yF&©g*P££©Rgil 

(^-7^-rya) ?t?$.ibz>m4xm.t ; ^wrst>© 

[0 0 2 3] *KW©S6©SKSI)t?5rffitt, ± 

SB©aWfcBli;iiWI»fc:43^T, S»Jt^ (8) ©ifi 
8£g« (5) ±©{£B$i6jl©v-7©{ifi£&tH-f 

&tctb<D*7 • 7^^S077-f^yh^ (3 4) 
£12BU vx^ (l 2) ±K^©fflWW^g©7?[S] 

fC^©f+iJffl-7->7 (2 9 A, 2 9B, ■••) %Bl& 



©S^V-77b^£nfcg¥v-7gW (6) 

-7 (4) XfcgEBU cn51tft©S¥v-^tt^© 

J8»^3R©a*P^i:*©*7 • 77777^©77'( 

7 7 h £©S38£ fcOMMfcttfcf SHH-eJ&ESftfc 

Hi (3 5A, 3 5B, •••) RZim2 (3 7A, 3 7 
B, •••) ©StgV-7fr5&tK Sfi (5) 
5$-f3©k7 ^©*7 • 7^-7777^©757^y h 
^T-S^V-7gP« (6) ±©^2©g^V-7 (3 7 
A) fcttKUfcttMfo (12) ±©«»©ff-»J 

fflT-^©rt©E/f^©10©tfig'JfflV-^ (2 9 A) £ 

i ©s*p^-7 o 5 a) totftH-fn** 

7 • 7^^a©77'f^^h^^Lfti20l 
V-7 (3 7 A) ©ffill-fn** t) , ^©V77X© 



£^©*7 • 7 
j6fc©IBIPH (^-7 



»3t¥3S©»tt7 -r Frt ©= 

7 77^TS©7 ^ 7 h ^©| 
57 7fi) £#i6§t>©T*&;5o 
[0 0 2 4] 

14, VX7 (l 2) ±fc««©9HWffl^-**EllU 

5 ©tf-Mffl v- 7 i: «tf «aaaw v-^*a*-r 

-7g|S« (6) ±£SHBU (1 2) RtfX-f- 

7 (4) ^fyey^sti^*^, ^-n^n© 
^-^©ffiB-rnaWsisn*. *i7t\ fttgnic, m 

Is. ;£g#fa©¥ftJt, X^fofttfY^ft©^-^ 
h) fc J: V77 (1 2) ±©ffMfflv 

[0 0 2 5] »2©J9*«3tt»ffifc«fcnfcf, VX 

7(12) WoMRottMfflv-^teH-rsttilMS** 
¥^{k-r«Cfcfc«fcD, ^X7 (12) ©HtiiJfflV-7 
©»H«3g©»»*/hS < LT, iSI5^^ (8) ©S 

^t75-r^7h^ (34) <Dm&t<Dmm-Q$>2> 

^-7.7-)'7*^iE5S{C|tSiJT*tSo ^3©S^ 

a^ffitc«kn^ S¥v-^gra (6) vx7 

(12) ±©^©tfilJfflV-7 (2 9A-2 9D) 
MJS^-frT^©^ 1 ©S^V-7^?i^{i (3 5 A~3 

5D) jfM-rstttt, ztit>m<D% i ©s?pv-7 

(3 5 A~3 5 D) ^6*n^nia»)tt*jfi (8) ©M 

Jt7-f-;l/Hrt©S*x5i:*7 • 7777^©77i' 

(3 4) oMtopiitmt^ii-ef 

<o^2<r>mw^—7^mm o 7A~3 7D) jb^l 

<t t)jE5St^-7>577M^tf-SiJ$n^o 
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[0026] at, *5%w<D%4<D®mmyei;mic&ti 

*3iftLTtt9JffiV-* (2 9 A) fcg*"*?-* (3 5 
A) fcO«M*ft**lia£WtHIIIU 

n^^tctt^ixs^^tf-r^iitfcj;^, jffistttc 

W-rss^tjKrcrcfc^T^S. c©t§"g\ mix 

gfC&l/^T, JBfc^i&fHHfflV— * (2 9 A) 0**0 

[0 0 2 7] TOc, »5©iftlB»t2fttfcJ:*itf, iff 

LTZ^^b^ (3 4) T'^2©S*pV-£ (3 7 
A) »lf;«lT\ 1 OCtHBJfflV-* (2 9 A) 

t» i (3 5 a) t<DtiLW?nm* i mn 

7-y h fc»filfii:©Si#©g#K:jS;*.3 c 
[0 0 2 8] Sfc, »6©JSHB»t#&K:J:ntf* 3£ 

(5) *m3£ftiwan , r*»Kx w^m^w»oa« 

(5) fcBJfefSSK^ *7 •TZi'7>l33,<D7y'(* 
>M (3 4) T?m2cDS¥v-^ (3 7 A) *«3SL 
feJ^-e, lOOf+iSiJfflV-^ (2 9 A) t|gl©g*p 

(3 5 A) fc©ffi«m«*i0£W*HHU ci 

[0 0 2 9] 

M] UT> #f8iBfc«fc*S#B3fc#i£©£l£fifi 

<M»cotaiii*#figLT8iwrso *mmmiis xu>y 
l fc * s gjgojRHiiitt cut, rx u <y h wammm 

tt©fiBHBflWKc**LT\ Uf-*;M 2 #0 l ©ffiffifctt 
LTtu^|S)(C-S5ijSVT-^^n^©^(W|^LT, * 
xm 5 im 1 ©fSEfctt LT8b&Glte— V/M 

( i /mm&K^ 8 ©«/j>fflf$) T*j£g$ n§„ 

[0 0 3 0] U^7;H 2&tf»>XM5©BIl?£k:oi,> 
TSiW-r*t, Uf-^;l/3E^9±»CYttl^|R| (01© 

^lOtfttSStu coW;I/YHXf-i?l0J: 



(7) 7- 1 7 6 4 6 8 

12 

1 «> &f£ft^£ 8 ©ftttfcgttftffirt-eH i ©ttffifc 
w&x^irk Y?3[p]Rt;iH]i573[q] (e^) ic^ne* 

ia^r, nm^wmMm^T—i/i i©x7? 
io idj, Y^iaj&t? 0 73(p]©fiH^ ; ex^-$nTv^o =F 
1 4 icfcotf^nrcfiB'ifiBs i w&igmxtz 2 a 

[003 1]-S, £x/\$flrftl±fcfcj\ Ylfc^C 

igijg&^^xMYfUiigiixf— s?2tf«nstu ^© 

XtXW^ipjtlggjgffi^^x/NXfifilgifiXr-^S^ 
icfi£ft. *©±£Z 0WI&l&XT-^4tf8gtt£ft> 
c © z 0 ItWfgfjXx-v' 4 if)iA 5 KSSKJifc: <fe 

20 z ei*Biixr-^4©x^riRi, Y^iR]Rt;fl^fRj©fit 

«ff*x*-Stu =F#tH 3lc«fcDf#5»ftfd&B1tlB 

t»±*J«»2 2 Afc^^ftT^So ±fW«^2 2 A 
tt, ^x/nJBKiSH2 2 B^J&^-LT^x/NYffleilX 
7— S>2> tfX/NXtteKlXf— S>3, Z0lft|g»l7.7 L 

[0 0 3 2] iifc, SB£f*^ >>X/Nffl)J©T»l 3 
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